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CHAPTER I

INTRODUCTION

1.1 Medicinal plants
A medicinal plant is any plant that contains substances that can be used for therapeutic
purposes or that exist as precursors for the synthesis of useful drugs (WHO, 1977).
Since time immemorial, people have looked for drugs instinctively, as a way to alleviate pain
and cure various illnesses. Centuries ago, the underlying biological reasons behind a patient’s
ailment and the effectiveness of certain medicinal plants over others remained unfound, and every
treatment was based solely on experience. As time went by, people started to search for explicit
facts in favor of using plants for medicinal purposes as well as ways of preparing drugs. The first
record of using a medicinal plant for the preparation of drugs was found on a 5,000-year-old
Sumerian clay slab from Nagpur. It recorded 12 recipes for drug preparation, referring to over 250
various plants. Some of these plants, such as poppy, henbane, and mandrake, contain alkaloids
(Sumner, 2000). In China, the earliest record of the application of medicinal plants is in the book
Pen T'Sao, written by Emperor Shen Nong in 2500 BC (Sumner, 2000). Shen Nong recommended
that Ma Huang (known as ephedra in the Western world) be used against respiratory distress.
Nowadays, ephedrine, which is extracted from ephedra, is still widely used as a decongestant, and
its synthetic form, pseudoephedrine, can be found in many allergy, sinus, and cold-relief
medications (Gillies, 1996). Other drugs recorded in the Pen T'Sao and used even today are Rhei
rhizoma, camphor, Theae folium, Podophyllum, great yellow gentian, ginseng, jimson weed, and
cinnamon bark (Sagara et al., 1987; Pearce et al., 2008; Abbott et al., 2010).
After Shen Nong’s work, subsequent researchers focused on the scientific discovery and use
of medicinal plants. The famous Greek physician Hippocrates (459-370 BC) classified 300
medicinal plants through physiological action: Centaurium erythraea was applied against fever;
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garlic was used to treat intestinal parasites; opium, henbane, deadly nightshade, and mandrake
were used as narcotics; fragrant hellebore and haselwort were applied as emetics; sea onion,
celery, parsley, asparagus, and garlic functioned as diuretics; and oak and pomegranate worked as
astringents (Bojadzievski, 1992; Gorunovic et al., 2001).
However, while people often take advantage of the many medicinal properties of plants, they
can't ignore the toxic characteristics of many plant substances. Theophrastus, who gained the
epithet of "the father of botany," described toxic activities in plants in his book De Causis
Plantarium and underlined the importance of humans becoming accustomed to plant toxicity
through a gradual increase in dosage (Pelagic, 1970; Katic, 1958).
In any discussion of plant-based drugs, Dioscorides, known as "the father of
pharmacognosy," must be mentioned. He is the most prominent writer on plant drugs in ancient
history, writing De Materia Medica around 77 AD while traveling with the Roman Army as a
military physician and pharmacognosist. This traveling allowed Dioscorides to spread his
knowledge of medicinal plants throughout Europe (Borzelleca et al., 2008). In his work, a total of
944 drugs were described, with 657 having plant origins. Among them, willow, chamomile, garlic,
onion, marsh mallow, ivy, nettle, sage, common centaury, coriander, parsley, sea onion, and false
hellebore were Dioscorides’ most appreciated domestic plants. These plants were emphasized
because they are useful while having only mild effects. Chamomile (Matricaria recucita L.) was
used to cure wounds, stings, burns, and ulcers and also as an antiphlogistic for cleansing and
rinsing the eyes, ears, nose, and mouth. In addition, sea onion and parsley bulbs were used as
diuretics, while oak bark was used for gynecological purposes; Scilla bulbus was applied as an
expectorant, cardiac stimulant, and antihydrotic; and white willow was used as an antipyretic
(Bauer-Petrovska, 2012).
Until Dioscorides’ time, the organs of medicinal plants were directly used for therapeutic
purposes, but no active compound was isolated from these plants. However, the demand for more
effective drugs increased between the 16th and 18th centuries, and compound drugs containing
medicinal plants, rare animals, and minerals became prominent and highly valued.
The scientific pharmacy appeared in the early 19th century, when man began to isolate the
active principles of medicinal plants. One particular landmark was the discovery of quinine
2

(Figure 1.1) from Cinchona bark by the French scientists Caventou and Pelletier. After that, more
alkaloids were discovered, substantiated, and isolated from poppy (1806), ipecacuanha (1817),
strychnos (1817), pomegranate (1878), and other plants. With the advance of chemical methods,
other active compounds in medicinal plants, such as glycosides, tannins, saponosides, etheric oils,
vitamins, and hormones were discovered in succession (Dervendzi, 1992). As more and more
active compounds were isolated from medicinal plants, alkaloids and glycosides isolated in pure
form were increasingly being used to replace the drugs from which they had been isolated.
However, it was soon verified that, although the action of pure alkaloids was faster, the action of
alkaloid drugs was more comprehensive and longer-lasting.

Figure 1. 1 Structure of quinine

The history of medicinal plants is undisputedly interwoven with that of modern medicine.
Prior to Wold War II, a series of natural products isolated from higher plants had been produced as
clinical agents, and many of them are still in use today. Quinine from Cinchona bark, morphine
and codeine from the latex of the opium poppy, digoxin from Digitalis leaves, and atropine and
hyoscine from the Solanaceae family continue to have clinical uses. In addition, a whole series of
natural products isolated from Penicillium, Cephalosporium, and Streptomyces were used as
antibacterial agents in World War II (Phillipson, 2000). The development of natural products used
as clinical agents did not stop in the post-war years. Reserpine, isolated from the Rauwolfia
3

species, was used in tranquilizers, and, vincristine isolated from Catharanthus roseus, was found
to be effective in cancer chemotherapy (Phillipson, 1999).

atropine

codeine

morphine

hyoscine

digoxin

reserpine

vincristine

Figure 1. 2 Structures of morphine, codeine, digoxin, atropine, hyoscine, reserpine, and
vincristine

In the 21st century, although the impact of phytochemistry on new drug development has
waned and the innovative pharmaceutical industry has turned to synthetic chemicals, natural
products, particularly medicinal plants, remain an important source of new drugs, new drug leads,
4

and new chemical entities (Newman et al., 2000, 2003; Butler, 2004). One medicinal plant-derived
drug that has been introduced into the U.S. market is galantamine, known as galanthamine (trade
name Reminyl®). It is a natural product that was isolated from Galanthus woronowii Losinsk in
Russia in the early 1950s (Heinrich and Teoh, 2004; Pirttila et al., 2004). Galantamine is approved
for the treatment of Alzheimer's disease. It can slow the process of neurological degeneration by
inhibiting acetylcholinesterase (AChE) as well as binding to and modulating the nicotinic
acetylcholine receptor (nAChR) (Heinrich and Teoh, 2004; Pirttila et al., 2004).
Extracts of medicinal plants may also act as precursors for the synthesis of useful drugs. The
resin podophyllin, obtained from the root of the mayapple, Podophyllum peltatum, is used to
remove warts since its major component lignan podophyllotoxin (Figure 1.3), can inhibit cell
division. However, podophyllin is toxic; thus, in order to make it a good candidate for drug
development, a method must be devised to eliminate its toxicity while keeping its cell divisioninhibiting capabilities. Accordingly, a semi-synthetic modified glucoside, etoposide (Figure 1.3),
which has a different mode of action for inhibiting topoisomerase II, has been found to have
clinical application in the treatment of lung and testicular cancers (Phillipson, 2001).

etoposide

lignan podophyllotoxin

Figure 1. 3 Structures of lignan podophyllotoxin and etoposide
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1.2 Aromatic medicinal plants
As the name suggests, aromatic medicinal plants are a group of medicinal plants that contain
fragrant (aromatic, ethereal) substances. They normally have a pleasant, characteristically
perfumed smell. Aromatic medicinal plants are also known as “Chemical Goldmines” of novel
products and applications for their broad structural diversity in secondary metabolites and their
wide ranges of pharmacological activities (Bakkali et al., 2008). Secondary metabolites are
classified as alkaloids, glycosides, tannins, phenolic compounds, volatile oils, terpenoids,
saponins, steroids, resins, and bitter principles (Ahmad, 2007). Many of these secondary
metabolites work as active compounds of plants and play important roles in pharmaceutical
formulations. Aromatic medicinal plants differ from general medicinal plants in the richness of
their essential oils as the fragrance of these plants is carried in the essential oil fraction (Okigbo et
al., 2009).

1.2.1

Essential oils

Essential oils are concentrated hydrophobic liquids consisting of natural, volatile, complex
compounds that are formed by aromatic plants as secondary metabolites (Ege, 1989). They can be
extracted from all parts of a plant (Table 1.1) through distillation as well as other processes,
including expression and solvent extraction. The method adopted to obtain the essential oils is
determined by the type of plant material under analysis.
Part of the plant extracted for essential Oils

Extracted essential oils

The leaves

Basil, Tea Tree, Pine

The flower

Rose Otto, Lavender, Ylang Ylang

The bark

Cinnamon

The wood

Sandalwood, Cedar

The peel

Lemon, orange, grapefruit,lime

The resin

Frankincense, Myrrh

The roots

Valerian
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Table 1. 1 essential oils exacted from different parts of plant

As an extraction method, distillation involves the release of a volatile liquid from a plant, followed
by the conversion of this liquid into a vapor, which is then condensed back into liquid form. It is
the most popular and cost-effective method of producing essential oils. The downside of
distillation is that heat is used in this extraction method, which renders it unacceptable for fragile
materials or for situations in which the oils are extracted with great difficulty.
Quite unlike distillation, expression is a cold-pressed method of extraction that does not
involve heat, as the oil is obtained from material under high mechanical pressure. This method is
mostly used in the extraction of citrus as well as nut and seed oils.
Solvent extraction is a way to extract essential oils from plants by soaking the plants in
chemicals, and the outcome depends on which chemical is used. This method includes maceration,
enfleurage, solvent, and hypercritical CO2. It is particularly suitable for botanical materials that
have very low yields of essential oils or materials that consist of mostly resinous components
since solvent extraction delivers a far finer fragrance than that of distillation (Baser, 2010).
Extracted essential oils are very complex natural mixtures that can contain approximately 20
to 60 components, and these components may have significantly different concentrations. The oils
are characterized by two or three major components at high concentrations, while other
components are present only in trace amounts. Take Origanum compactum as an example; the
major component of its essential oils is linalool, which constitutes as much as 68% of the essential
oil, while the concentration of trace components can be less than 0.05% (Bakkali et al., 2008). The
major components are the ones that determine the biological properties of the essential oils. The
compounds can be categorized into two groups of distinct bio-synthetic origin. One is composed
of terpenes and terpenoids and the other of aromatic and aliphatic constituents, all characterized
by low molecular weights.
Terpenes are derived from isopentenyl diphosphate (IPP). Repetitive addition of IPPs forms
the prenyldiphosphate precursor of the various classes of terpenes. The modification of the allylic
prenyldiphosphate by terpene-specific synthetases forms the terpene skeleton, and secondary
enzymatic modification of the skeleton finally gives the different terpenes functional properties
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(Bakkali et al., 2008). Terpenes have isoprene (C5 unit) as their elementary unit. Compounds with
10 carbon atoms are classified as monoterpenes, and those with 15 carbon atoms are called
sesquiterpenes, while those with 20 carbon atoms are known as diterpenes. The main terpenes are
the monoterpenes (C10) and sesquiterpenes (C15), as they are the most representative molecules,
constituting 90% of the essential oils and allowing for a great variety of structures. Not as
representative as C10 and C15, hemiterpenes (C5), diterpenes (C20), triterpenes (C30), and
tetraterpenes (C40) also exist. Steroids are triterpenes, and materials that give plants colors, such
as carotene (from carrots), are tetraterpenes.
Derived from phenylpropane, the aromatic compounds occur less frequently than the
terpenes, but their presence in essential oils is also important. The essential oil of the rhizomes of
Acorus calamus are dominated by β-asarone (76-92%) and α-asarone (1-10%) (Figure 2). βAsarone has shown both sedative and anxiolytic activity, but the compound has also exhibited
genotoxic effects (Setzer, 2009). In addition, aromatic compounds may contribute to the
phototoxicity of essential oils. Psoralen (Figure 3) as a photosensitizing molecule found in Citrus
bergamia can bind to DNA under ultraviolet-A light exposure and produce mono- and bi-adducts
that are cytotoxic and highly mutagenic (Bakkali et al., 2008).

1.2.2

Medicinal properties of essential oils in aromatic medicinal plants

In nature, the essential oils produced by plants have antifungal, antibacterial, antiviral, and
insecticidal properties, which protect the plants from attacks by bacteria as well as herbivores.
Furthermore, essential oils can attract desirable insects to these plants in order to disperse their
pollens and seeds while repelling other, undesirable insects.
The antibacterial and insecticidal properties of essential oils have found use in the
agricultural industry to prevent crop production loss because of plant diseases. People have also
taken advantage of the flavor and biological effects of essential oils to make perfumes, cosmetics,
soaps, and other products as well as flavoring additives for food and drink. Besides these uses,
essential oils play an important role in medicinal and medical applications because of their various
pharmacological properties, including antimicrobial, antioxidant, analgesic, digestive, and
anticarcinogenic activities.
8

The cytotoxic capacity of essential oils is based on pro-oxidant activity; this property of
essential oils makes them excellent antiseptic and antimicrobial agents. Tea tree (Melaleuca
alternifolia) oil (TTO) expresses antimicrobial activity against many bacteria, such as
Actinomyces viscosus, Bacillus cereus, Bacteroides spp, Klebsiella pneumoniae, Porphyromonas
endodentalis, and Prevotella spp (Carson et al., 2006).
The antimicrobial efficacy of TTO in dental applications has also been assessed. The
evaluation of the effect of a 0.2% TTO mouthwash as well as two other active agents on the oral
flora of 40 volunteers has been conducted by F. C. Groppo’s research group (Groppo et al., 2002),
and the result suggested that TTO used once daily for 7 days could reduce the number of
Streptococcus mutans and the total number of oral bacteria in a given subject. In association with
its antimicrobial activity, TTO may also have a role in the treatment of gingivitis and in reducing
the levels of several compounds thought to cause halitosis (Takarada, 2005).
The components of an essential oil determine its antimicrobial abilities, and different
compounds may have different modes of defending against bacteria. Marina Soković's group
investigated the antimicrobial abilities of essential oils from 10 aromatic plants and their
components against a variety of human pathogenic bacteria and found that hydrocarbon
monoterpenes showed the lowest antibacterial activity, while oxygenated compounds possessed a
higher antibacterial potential, especially phenol-type compounds, such as thymol and carvacrol
(Soković et al., 2007).
In addition to antimicrobial abilities, some essential oils have antimutagenic capacities,
which is associated with anticarcinogenic activity. Many studies have suggested that some
components or pro-oxidant activities of essential oils do well in reducing local tumor volume or
tumor cell proliferation through apoptotic or necrotic effects (Ohizumi, 1997; Schwartz, 1996). C.
B. Yoo et al. (2005) suggested that eugenol from Eugenia caryophylata inhibits the proliferation
of cancerous cells and that geraniol can inhibit colon cancer cell proliferation by inducing
membrane depolarization and interfering with ionic canals as well as signaling pathways. The
research of Carnesecchi's group (2004) showed that geraniol can also inhibit DNA synthesis and
reduce the volume of colon tumors. The mechanism by which essential oils reduce tumors varies
from compound to compound. For instance, farnesyle and geranyl-geranyl were found to prevent
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tumor formation by inhibiting the post-translational modification that is a necessary part of the ras
gene’s transformant abilities (Mazie`res et al., 2004; Kloog et al., 2004).
With anxiolytic and relaxant effects, essential oils are used in aromatherapy to affect the
mood or health of the anxious or depressed patient. Although anxiety disorders and depression are
generally treated with medication or psychotherapy, aromatherapy works well as a form of
complementary and alternative medicine. Various essential oils are used for the relief of
depression and anxiety, and some of them are well known, such as lavender (Lavandula
angustifolia), rose (Rosa damascena), orange (Citrus sinensis), and lemon (Citrus limon). Ylangylang oil (the floral essential oil of Cananga odorata) is an effective material for aromatherapy
since it can cause a decrease in blood pressure and pulse rate as well as an increase in
attentiveness and alertness in humans after it is inhaled or transdermally absorbed. According to
the study of Heuberger et al. (2008), the major components of ylang-ylang oil, linalool (15-28%)
and (E)-caryophyllene (11-14%), are responsible for this medicinal property. The (R)-(–)-linalool
enantiomer seems to be responsible for the anxiolytic effects (Sugawara et al., 1998), and (E)caryophyllene is reported to have sedative effects (Duke, 1998). Many citrus oils also express
anxiolytic effects. Neroli oil (Citrus aurantium var. amara L. floral essential oil) has been found
to reduce anxiety in post-cardiac surgery patients (Stevensen, 1994), and Bergamot oil (the
essential oil of Citrus aurantium subsp. bergamia) is also reported to relieve anxiety and calm
fears (Lawless, 1994).
The medicinal properties or therapeutic activities of essential oils may differ from one plant
family to another. The Apiaceae family, including ajowan, galbanum, angelica, dill, fennel,
parsley, etc., has large, hollow, airy spaces in their stems, seeds, and roots. Essential oils from
members of this family have been found to have an affinity for the respiratory system, the
intestinal areas of the digestive system, and the glandular system. They are even regarded as good
tissue regenerators, which is especially true of cumin, fennel, celery, and parsley.

1.3 Aromatic medicinal plants from Tajikistan
The topographic and climatic variety gives Tajikistan an extremely varied plant life, with 4,500
species of vascular plants, including 640 endemic species and 3,000 species of lower plants
10

(Handa et al., 2006).

1.3.1

Tajikistan

The Republic of Tajikistan is located in Central Asia, between the latitudes of 36°N and 41°N
and the longitudes of 67°E and 75°E. It borders Afghanistan to the south, Uzbekistan to the west,
Kyrgyzstan to the north, and China to the east. The narrow Wakhan corridor separates Tajikistan
from Khyber Pakhtunkhwa and Gilgit Baltistan in Pakistan. It is a predominantly mountainous
country, as 93% of Tajikistan's surface area is covered by mountain terrain, with only 5% forest
cover. More than fifty percent of the country is over 3,000 m (9,800 ft) above sea level. The only
major areas of lower land are in the north (part of the Fergana Valley), and in the southern
Kofarnihon and Vakhsh river valleys, which form the Amu Darya river.
The geography of Tajikistan gives it a continental, subtropical, and semiarid climate. The
climate changes drastically according to elevation. In July, the lower elevations of Tajikistan have
an average temperature range of 23 to 30°C, while the eastern Pamirs have an average temperature
range of 5 to 10°C. As the wettest of the Central Asian republics, it has an average annual
precipitation in the southern Kafiristan and Vakhsh valleys of approximately 50 to 59.9 cm and 15
cm for the mountain locations. At the Fedchenko Glacier, up to 223.5 cm of snow falls each year.
Only the precipitation of the northern Fergana Valley and the rain shadow areas of the eastern
Pamir Mountains are as low as in other parts of Central Asia.

11

Figure 1. 4 Geographical location of Tajikistan

Tajikistan has a population of around 6.9 million and covers an area of 143,100 km. Most of
Tajikistan's population belongs to the Persian-speaking Tajik ethnic group, who share language,
culture, and history with the inhabitants of Afghanistan and Iran. Once part of the Samanid
Empire, Tajikistan became a constituent republic of the Soviet Union in the 20th century, and was
known as the Tajik Soviet Socialist Republic (Tajik SSR); the country then gained independence
after the break-up of the former Soviet Union in 1991.
Due to the lack of available modern medicine, most people in Tajikistan rely on medicinal
plants as their traditional form of medicine to prevent and cure ailments. Aromatic medicinal
plants are of great importance for the local people.
Floristic diversity is particularly rich in the regions of Gissar Darvaz and Badakhshan, where
there are 3,000 registered vascular plant species. Another famous place for herb collection is the
Pamir Mountains. The locally available plant species have been used directly for treatment and
also in the preparation of traditional medicines.
Some aromatic medicinal plants found in Tajikistan are listed in Table 1.2.
Botanical name

Family

Artemista cina Berg & C.F. Schmidt ex Poljakov

Asteraceae

12

Artemisia absinthium L.

Asteraceae

Artemisia persica Boiss.

Asteraceae

Artemisia rutifolia Stephan ex Spreng.

Asteraceae

Artemisia scoparia Waldst. & Kit.

Asteraceae

Achillea filipendulina Lam.

Asteraceae

Matricaria chamomilla L.

Asteraceae

Inula helenium L.

Asteraceae

Tussilago farfara L.

Asteraceae

Helichrysum arenarium. (L.) Moench

Asteraceae

Anethum graveolens L.

Apiaceae

Bunium persicum B. Fedtsch.

Apiaceae

Galagania frangrantissima Lipsky

Apiaceae

Hypericum perforatum L.

Hypericaceae

Hypericum scabrum L.

Hypericaceae

Mentha longifolia L.

Lamiaceae

Melissa officinalis L.

Lamiaceae

Ocimum basilicum L.

Lamiaceae

Origanum tyttanthum Gontsch.

Lamiaceae

Salvia sclarea L.

Lamiaceae

Ziziphora clinopodioides Lam.

Lamiaceae

Origanum vulgare L.

Lamiaceae

Pelargonium graveolens L'Hér. ex Aiton

Geraniaceae

Ephedra equisetina Bunge

Ephedraceae

Hippophae rhamnoides L.

Elaeagnaceae

Rubus odoratus L.

Rosaceae

Thalictrum foetidum L.

Ranunculaceae

Table 1. 2 some aromatic medicinal plants from Tajikistan

According to reports, more than 400 species of medicinal plants and 60 plants containing essential
oils have been found in Tajikistan. However, due to improper or illegal collection and use, many
species are endangered. There are 26 vulnerable species of flora that have disappeared from the
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country in the last 30 to 40 years, and almost 226 plant species that are listed in the Red Data
Book of Tajikistan, a document designed to identify rare and endangered flora.
This research targeted six aromatic medicinal plants from Tajikistan, with a focus on
determining the chemical compositions of essential oils from these plants and comparing those
compositions to the same essential oils from plants in a different location. The bioactivity of these
essential oils was also tested. As the plants were collected, the essential oils were extracted by
distillation and then analyzed using gas chromatography-mass spectrometry. The six examined
plants were Bunium persicum B. Fedtsch., Anethum graveolens L., Galagania frangrantissima
Lipsky, Melissa officinalis L., Ocimum basilicum L., and Pelargonium graveolens L'Hér. ex Aiton.

1.3.2

Bunium persicum

Bunium persicum is an important aromatic plant in the Apiaceae family. Its common name is
black cumin, and it has a smoky, earthy taste. Bunium persicum is a perennial herb with frilly
leaves, hermaphroditic flowers, and a tuberous root at a soil depth of 10 cm. The plant can reach
about 60 cm tall and 25 cm wide. Bunium persicum is grown from Central Asia to North India and
bears fruit that is an extremely popular seasoning for meat dishes in Central Asia. The seeds are
also consumed widely as a condiment and are reported to work as a stimulant and carminatives,
which is found to be useful in treating diarrhea and dyspepsia (Baser et al., 1997). The plant offers
several therapeutic effects on digestive and urinary tract disorders and is used for chronic diseases
of the stomach (chronic gastritis), intestines (colitis), and liver (jaundice) as well as chronic
cholangitis, swelling, and kidney stones in Tajikistan traditional medicine. In addition, tea made
from Bunium persicum seeds is regarded as a popular means of increasing the appetite.
Furthermore, the plant can enhance wound healing, and its continuous use prevents obesity.

1.3.3

Anethum graveolens.

Anethum graveolens, also known as dill, is either a perennial or annual herb, depending on
where it is grown. It is the sole species of the genus Anethum in the Apiaceae family. Dill grows
up to 40-60 cm (16-24 in) and has slender stems and alternate, finely divided, softly delicate
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leaves that are 10-20 cm (3.9-7.9 in) long and 1-2 mm (0.039–0.079 in) wide. The flowers of dill
are white to yellow in color and appear in small umbels (Peterson, 1993) that are 2-9 cm (0.79-3.5
in) in diameter. Its seeds are 4-5 mm (0.16-0.20 in) long and 1mm (0.039 in) thick.
Dill is native to the mediterranean and the south of Russia. Zohary and Hopf indicated, "Wild
and weedy types of dill are widespread in the Mediterranean basin and in West Asia"(2000). Dill
fruit has been used in folk medicine as an antispasmodic, carminative, sedative, aromatic
stimulant, and flatulent colic treatment (Boulos, 1983; Wallis, 1967). It is also used in cases of
renal colic, high cough from bronchial asthma, vomiting, neuralgia, genital ulcers, and
dysmenorrhea. Due to the herb’s aromatic properties, dill oil is often used as a carminative and
flavor additive, for example, in infant gripe water (Wallis, 1967; Evans, 2002). In addition, dill
leaves, seeds, and essential oils could offer effective antioxidant activity (Delaquis, Stanich,
Girard, and Mazza, 2002; Kmiecik, Gebezyn´ski, and Jaworska, 2001; Al-Ismail and Aburjai,
2004; Singh, Maurya, Lampasona, and de Catalan, 2005). The literature even demonstrates that
dill leaf consumption can lower an individual’s risk of cancer (Yang, Huang, Peng, and Li, 1996)
and reduce one’s level of cholesterolaemia (Lanky, Schilcher, Phillipson, and Loew, 1993).

1.3.4

Galagania fragrantissima

Galagania fragrantissima is a member of the genus Galagania of the family Umbelliferae
(Apiaceae). It is distributed in temperate areas of Asia, such as Afghanistan, Kyrgyzstan,
Tajikistan, and Uzbekistan. Its leaves and young shoots are used as a spice in soups and other
dishes (Dudchenko, 1989). The essential oil of Galagania fragrantissima has a light yellow color
with a pleasant spicy odor, and the oil yield measures 0.16-0.3% (Goryaev et al., 1952). This plant
may also play an important role in the perfume industry.

1.3.5

Melissa officinalis

Melissa officinalis is commonly referred to as “lemon balm" for its lemon-like flavor and
fragrance. It is a perennial bushy plant that grows in an upright position, reaching a height of
approximately 1m and is part of the mint family (Lamiaceae). It has soft, hairy, heart-shaped
leaves that can be 2 to 8 cm long (Zargari, 1991) and white or pale pink flowers that consist of
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small clusters of 4 to 12 blossoms in the summer. The seeds of Melissa officinalis are ovate, dark
brown or black in color, and very small in size, usually 1/5 to 1 mm long. Lemon balm can adapt
to different environmental conditions due to its hairy root system, which has many lateral roots.
The upper parts of the plant die in winter, and new shoots re-emerge from the roots at the
beginning of spring (Turhan, 2006; Moradkhani, 2010).
Lemon balm is native to southern Europe, the Mediterranean region and western Asia.
(Meftahizade et al., 2010). The leaves and top aerial section of the plant can be used as a form of
medicine. Lemon balm was used as far back as the Middle Ages to reduce stress and anxiety,
promote sleep, improve appetite, and ease pain and discomfort from indigestion. It can also be
used to heal wounds and treat venomous insect bites and stings. M. Blumenthal (2000) reported
that lemon balm has traditionally been used as a tonic, antispasmodic, carminative, diaphoretic,
and sedative-hypnotic for strengthening the memory. Further, it is currently used for the relief of
stress-induced headaches and as an antiviral to improve the healing of herpes simplex cold sores.
When mixed with St. John's wort (Kuhn et al., 2000), lemon balm is also a useful treatment for
seasonal effective disorder. Others indicate that lemon balm may help improve cognitive function
and decrease agitation in patients with Alzheimer's disease. The essential oil of lemon balm is
used in aromatherapy and as an antitumoral agent with the potential to remedy and prevent cancer
(Janina, 2003).

1.3.6

Ocimum basilicum

Ocimum basilicum, also called sweet basil, is a half-hardy annual plant in the Lamiaceae
family and is native to the tropical and subtropical regions of Asia. In Tajikistan, sweet basil is a
popularly cultivated plant that is frequently employed as a flavoring agent in food, while also
being well known for its use in folk medicine. The leaves and flowering tops of sweet basil are
used to remedy inflammatory diseases of the upper respiratory tract (bronchitis, laryngitis,
pharyngitis, etc.), chronic gastritis, enterocolitis, and food poisoning. Moreover, hot basil tea is
consumed to treat nausea, flatulence, and dysentery (Hojimatov, 1989).
Sweet basil can grow to a size of 1-2 feet in height and prolifically produce large green
leaves that are around 2 inches in long throughout the summer (Back, 1980). Its white flowers are
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commonly removed to increase the plant’s leaf yield (Sajjadi, 2006).
Ocimum basilicum plays a major role in many Asian cuisines and is also used medicinally in
treating ailments like headaches, coughs, diarrhea, worms, and kidney malfunctions. Sweet basil is
rich in essential oils, which mainly contain cinnamate, citronellol, geraniol, linalool, methyl
chavicol, myrcene, pinene, ocimene, and terpineol; the quantity of each component varies based
on the part of the plant being examined. Sweet basil’s essential oils have been widely used in
flavoring confectionery products, baked goods, condiments, sausages and other meat,
nonalcoholic beverages, and ice creams. This oil also has use in perfumery, dental, and oral
products (Simon, 1990).

1.3.7

Pelargonium graveolens

Pelargonium graveolens is a species in the Pelargonium genus and is often called a geranium
because it falls within the plant family of Geraniaceae. Pelargonium graveolens is an important,
high-value perennial, aromatic shrub that can reach a height of up to 1.3 m and a spread (lateral
growth) of 1 m. Its hairy stems are herbaceous when young and become woody with age, and the
plant’s leaves are deeply incised, soft to the touch, and strongly rose scented. The essential oil of
Pelargonium graveolens is extensively used in the perfumery and cosmetic industries. This oil has
also been found to have use in reducing pain due to post-herpetic neuralgia as well as treating
dysentery, hemorrhoids, inflammation, heavy menstrual flows, and even cancer (Peterson, 2005).
Moreover, in Chinese homeopathy, it is thought to open up the liver chakra and promote the
expulsion of toxins, helping to achieve a balanced body (Higley et al., 2001).
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CHAPTER II

MATERIALS AND METHODS

2.1 Plant material
Farukh S. Sharopov, from the Tajik Academy of Sciences in Dushanbe, identified and
collected a number of plants from many regions of Tajikistan. Voucher specimens of these species
have been deposited in the herbarium of the Chemistry Institute of the Tajik Academy of Sciences.
The aerial parts of each plant were crushed and hydrodistilled for 3-4 hours. Next, the oil was
decanted from the distillation water and ﬁltered to remove any extraneous particles; then it was
treated with anhydrous sodium sulphate to render it moisture-free. After this, the oil was reﬁltered
and measured. The six plants of interest in this study include

2.1.1

Bunium persicum

Bunium persicum is an annual plant that grows in the mountainous regions of Iran, Tajikistan,
Afghanistan, Pakistan, and the western part of Northern India (Kashmir, Punjab). The Bunium
persicum plant from Tajikistan was identified and collected by Sharopov from the Dashtijum
Mountain in the Shurobod region of Tajikistan (37.9967°N, 70.2101°E, 2,400 m above sea level)
in July of 2010.Voucher specimens have been deposited (TJ2010-056) at the herbarium of the
Chemistry Institute of the Tajik Academy of Sciences. India Bunium persicum was obtained from
the Indian Grocery Store, Suraj Imports (address: 4320 University NW Dr., Huntsville, Alabama,
35816). After distillation, the yellow fruit oil of Bunium persicum from both Tajikistan
and India were obtained for GC-MS analysis. This study compares the essential oils from each
Bunium persicum location.
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2.1.2

Anethum graveolens

Anethum graveolens is originally native to the Mediterranean region and the southern part of
Russia and is widespread in the Mediterranean basin and in West Asia. It was identified and
collected by Sharopov from the Chormaghzak village in the Yovon region (38°25ʹ02ʺN,
68°10ʹ20ʺE) on July 18, 2012. The aerial parts of the plant were collected at the end of the plant’s
flowering season and the beginning of its fruiting season. The mass of fresh (wet) plant collected
was 1000 gm, and, after decantation, 0.7-0.9% v/w yield of the essential oil was obtained.

2.1.3

Galagania frangrantissima

Galagania frangrantissima is native to the temperate areas of Asia, such as Afghanistan,
Kyrgyzstan, Tajikistan, and Uzbekistan. Like the Anethum graveolens samples, it was identified
and collected by Sharopov from the Chormaghzak village in the Yovon region (38°24ʹ47ʺN,
69°10ʹ21ʺE) on July 17, 2012. The aerial parts of the plant were collected during its flowering
period. The mass of fresh (wet) plant collected was 1000 gm, and, after decantation, 0.05-0.1%
v/w yield of the essential oil was obtained.

2.1.4

Melissa officinalis

Melissa officinalis is native to southern Europe, the Mediterranean region, and western Asia.
Sharopov collected this plant from the Shohmansur region in Dushanbe (38°33ʹ16ʺN, 68°51ʹ22ʺE)
on May 28, 2012. The aerial parts of this plant were collected during its budding period. The mass
of fresh (wet) plant collected was 1000 gm, and, after decantation, 0.3-0.4% v/w yield of the
essential oil was obtained.

2.1.5

Ocimum basilicum

Ocimum basilicum is an annual herb distributed in the tropical and subtropical regions of
Asia. It was identified and collected by Sharopov from the Chormaghzak village in the Yovon
region (38.417311°N, 69.172173°E, 1,300 m above sea level) on October 16, 2010. A voucher
specimen (TJ2010-055) has been deposited in the herbarium of the Chemistry Institute of the Tajik
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Academy of Sciences. The air-dried samples were crushed and hydrodistilled for 3 h to produce
essential oil (0.6-0.7% yield) with a light yellow color and typical basil odor.

2.1.6

Pelargonium graveolens

The rose-scented Pelargonium graveolens is indigenous to various parts of southern Africa
but is also found in Tajikistan. The plant used in this research was grown in the Pakhtaobod
Aromatic Plants Field Station in the Tursunzoda region of Tajikistan. Sharopov identified and
collected fully-grown crop plants during their harvest time. The plants were steam distilled in a
field distillation unit, and the oil decanted from the distillation water was ﬁltered.

2.2 Method
2.2.1

Gas Chromatographic-Mass Spectral (GC-MS) analytic methods

The essential oils were dissolved in dichloromethane (CH2Cl2) and submitted for GC-MS
analysis on an Agilent system, which included a model 6890 gas chromatograph, a model 5973
mass selective detector, and an Agilent ChemStation data system. The GC column was an HP-5ms
fused silica capillary with a (5% phenyl) poly-methylsiloxane stationary phase, a film thickness of
0.25 μm, a length of 30 m, and an internal diameter of 0.25 mm. Helium acted as a carrier gas
with a column head pressure of 8.28 psi and a flow rate of 1.9 mL/min. The inlet temperature was
200°C, and the MSD detector temperature was 280°C. The MSD was operated in the EI mode
(electron energy = 70 eV), with a scan range of 40 amu - 400 amu, and a scan rate of 3.99
scans/sec. The GC oven temperature program was used. The initial temperature was 60°C, and the
temperature was held for 5 min, then increased at 3°C/min to 280°C. Next, 1 μL of 1% w/v
solution of the sample in CH2Cl2 was injected using a splitless injection technique. Identification
of the oil components was based on their retention indices, which were determined by referring to
a homologous series of normal alkanes and comparing their mass spectral fragmentation patterns
to those reported in the literature (Adams, 2007) and stored in the MS library [NIST database
(G1036A, revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.080)]. The
percentages of each component are reported as raw percentages based on the total ion current
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without standardization.

2.2.2

Cytotoxic activity

Three of the available essential oils were screened for cytotoxic activity against MCF-7
(breast cancer) using MTT-based Cytotoxicity Assay (Berridge et al, 2005). Human MCF-7 breast
adenocarcinoma cells (ATCC No. HTB-22) (Vazguez et al., 1973) were grown in a 3% CO2
environment at 37°C in RPMI-1640 medium, supplemented with 10% fetal bovine serum,
100,000 units penicillin and 10.0 mg streptomycin per liter of medium, 15mM of Hepes, and
buffered with 26.7 mM NaHCO3, pH 7.35. Cells were plated into 96-well cell culture plates at 2.5
×104 cells per well. The volume in each well was 100 μL. After 48 h, supernatant fluid was
removed by suction and replaced with 100 μL growth medium containing 1.0 μL of DMSO
solution of the essential oil (1% w/w in DMSO), giving a final concentration of 100 μg/mL for
each well. Solutions were added to wells in four replicates. Medium controls and DMSO controls
(10 μL DMSO/mL) were used. Tingenone (Setzer et al., 1998) was used as a positive control.
After the addition of compounds, plates were incubated for 48 h at 37°C in 5% CO2; medium was
then removed by suction, and 100 μL of fresh medium was added to each well. In order to
establish percent kill rates, the MTT assay for cell viability was carried out ( Ferrari et al., 1990).
After colorimetric readings were recorded (using a Molecular Devices SpectraMAX Plus
microplate reader, 570 nm), percent kill was calculated. The results were recorded in Table 3.8.
Cytotoxicity screenings were mainly performed by Noura Dosoky of the Natural Products Drug
Discovery Research group.

2.2.3

Brine shrimp lethality

The brine shrimp lethality test was performed by using a modification (Satyal et al., 2012) of
the procedure by McLaughlin (1991). In this test, 38 g/L of sea salt solution was prepared, and
Artemia salina eggs were hatched in the solution with an incandescent light bulb as the heat
source. Air was bubbled through the solution to keep the eggs in constant motion. After 48 hours,
the newly hatched nauplii were transferred to a plate and counted using a micropipette and
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magnifier. Twenty-seven vials, each containing 10 A. salina nauplii in 10 mL of sea salt solution
(38g/L, the same as the hatching solution), were prepared. Three vials were labeled as controls
with the first one containing no DMSO, another with 10 µL of DMSO, and the last one with 100
µL of DMSO. Three essential oils were available to this test, and for each tested essential oil, three
replicate vials containing 10 µL of 1% essential oil solution in DMSO and three containing 100
µL of 1% essential oil solution in DMSO were prepared. The incandescent light bulb continued as
the heat source for the Artemia salina. After 24 hours, the number of survivors was counted and
recorded. Then, the data were analyzed using Reed-Muench method (Reed, 1938) to determine the
LC50 values.

2.2.4

Antimicrobial activity

Three available essential oils were screened for antimicrobial activity against the Grampositive bacteria Bacillus cereus (ATCC No. 14579) and Staphylococcus aureus (ATCC No.
29213) and the Gram-negative bacteria Pseudomonas aeruginosa (ATCC No. 27853) and
Escherichia coli (ATCC No. 10798). The minimum inhibitory concentrations (MICs) were
determined using the microbroth dilution technique (Setzer et al., 2003). Dilutions of the essential
oils were prepared in cation-adjusted Mueller Hinton broth (CAMHB) beginning with 50 µL of
1% w/w solutions of oils in DMSO plus 50 µL of CAMHB. The oil solutions were serially diluted
(1:1) in CAMHB in 96-well plates. Organisms at a concentration of approximately 1.5×108
colony-forming units (CFU)/ mL were added to each well. Plates were incubated at 37°C for 24
hrs, and the final minimum inhibitory concentration (MIC) was determined as the lowest
concentration without turbidity. Gentamicin was used as a positive antibiotic control, while
DMSO was used as a negative control (Hassanzadeh et al., 2010).
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Figure 2. 1 Structure of Gentamicin

.

2.2.5

Antifungal activity

The microbroth dilution technique was also applied to determine the antifungal activity of
essential oils against Aspergillus niger (ATCC No. 16888). Dilutions of the essential oils were
prepared in YM broth beginning with 50 µL of 1% w/w solutions of oils in DMSO plus 50 µL of
YM broth. The oil solutions were serially diluted (1:1) in YM in 96-well plates. YM broth
inoculated with A. niger hyphal culture diluted to a McFarland turbidity of 1.0 were added to each
well. Plates were incubated at 37°C for 24 hrs; Amphotericin B was the positive control, while
DMSO was used as the negative control.

Figure 2. 2 Structure of Amphotericin B
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CHAPTER III

RESULTS

3.1 GC-MS analysis of the essential oils
The composition of six essential oils from Tajikistan was determined through GC-MS
analysis. The results of this analysis are shown below: Bunium persicum (Table 3.1), Anethum
graveolens L. (Table 3.2), Galagania frangrantissima Lipsky (Table 3.3), Melissa officinalis L.
(Table 3.4), Ocimum basilicum (Table 3.5), Pelargonium graveolens (Table 3.6).
Table 3. 1 GC-MS Analysis of Bunium persicum essential oil from Tajikistan & India
RIa
(this work)

RIb
(Literature)

Area(%)
TWc

ICd

Hexanal

801

801

tr

tr

Cumene

933

930

tr

tr

α-Thujene

935

930

0.4

0.3

α-Pinene

941

939

0.6

0.4

Camphene

954

954

tr

tr

-Pinene

980

979

9.1

7.8

Myrcene

993

990

0.7

0.6

α-Phellandrene

1004

1002

0.1

0.2

δ-3-Carene

1010

1011

tr

tr

α-Terpinene

1016

1017

0.1

0.1

1-p-Menthene

1021

1026

tr

---

p-Cymene

1025

1024

5.3

12.5

-Phellandrene

1029

1029

0.5

0.4

Compound
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1,8-Cineole

1031

1031

0.3

0.2

Phenylacetaldehyde

1043

1042

tr

---

-Terpinene

1060

1059

10.9

10.9

cis-Sabinene hydrate

1067

1070

0.1

0.1

1-Octanol

1071

1072

tr

---

cis-Linalool oxide

1072

1088

---

tr

p-Mentha-2,4(8)-diene

1086

1089

tr

---

Terpinolene

1088

1092

0.1

0.1

6,7-Epoxymyrcene

1093

1098

tr

tr

trans-Sabinene hydrate

1097

1096

0.1

0.1

Linalool

1100

1110

0.1

0.1

p-1,3,8-Menthatriene

1111

1070

tr

---

cis-p-Menth-2-en-1-ol

1120

1121

0.1

0.1

trans-Pinocarveol

1137

1139

0.1

0.2

Pinocarvone

1161

1164

tr

tr

Terpinen-4-ol

1176

1177

0.2

0.3

Dill ether

1185

1186

tr

---

Cryptone

1185

1185

---

0.1

α-Terpineol

1190

1188
---

tr

0.1

Anthemol

1194

5.8

9.5

Myrtenol

1195

1195

---

0.1

trans-Piperitol

1207

1208

tr

---

Cuminaldehyde

1241

1241

36.0

29.9

Carvenone

1255

1258

---

tr

p-Menth-1-en-7-al

1275

1275

0.6

0.1

p-Mentha-1,3-dien-7-al

1287

1285

13.1

8.1

p-Mentha-1,4-dien-7-al

1296

1291

15.0

17.2

Carvacrol

1302

1299

---

tr
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p-Mentha-1,4-dien-7-ol

1328

1327

0.6

0.1

Daucene

1381

1381

tr

tr

Cuminyl acetate

1423

1422

tr

---

(E)--Farnesene

1458

1456

tr

tr

10-epi-Acoradiene

1474

1475

0.1

0.1

Carotol

1596

1594

tr

tr

a

Retention Indices on HP-5ms fused silica capillary column

b

Adams, 2007

c

Tajikistan wild Bunium persicum

d

Indian commercial Bunium persicum

Table 3. 2 GC-MS Analysis of Anethum graveolens essential oil
Compound

Area
(%)

RIa
(this work)

RIb
(Literature)

α-Pinene

0.1

941

939

Myrcene

tr

993

990

α-Phellandrene

8.0

1007

1002

p-Cymene

1.1

1025

1024

Limonene

6.9

1031

1031

Camphor

0.3

1144

1146

Dill ether

13.2

1188

1182

cis-Dihydro carvone

1.6

1198

1200

trans-Dihydro carvone

14.7

1209

1205

neoiso-Dihydro carveol

0.1

1235

1228

Carvone

51.7

1254

1254

(E)-Anethole

1.4

1256

---

Dill apiole

0.4

1626

1628
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a

Retention Indices on HP-5ms fused silica capillary column

b

Adams, 2007

Table 3. 3 GC-MS Analysis of Galagania frangrantissima essential oil
Compound

Area
(%)

RIa
(this work)

RIb
(Literature)

p-Cymene

tr

1024

1024

Decanal

0.5

1206

1208

(2E)-Decenal

tr

1261

1263

(4E)-Dodecenal

1.0

1400

---

Dodecanal

2.3

1411

1414

0.9

1453

---

(2E)-Dodecenal

83.6

1473

1466

(2E)-Dodecenol

7.8

1480

1471

1-Hexadecene

0.1

1589

1587

Tetradecanal

0.1

1613

1612

(2E)-Tetradecenal

3.4

1673

1669

Unidentified

c

a

Retention Indices on HP-5ms fused silica capillary column

b

Adams, 2007

c

Unknown compound. See Figures B.1 for the complete MS spectrum.

Table 3. 4 GC-MS Analysis of Melissa officinalis L essential oil
Compound

Area
(%)

RIa
(this work)

RIb
(Literature)

1-Octen-3-ol

0.2

982

979

6-Methyl-5-hepten-2-one

0.3

989

985

Myrcene

0.2

993

990

α-Phellandrene

tr

1005

1002
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p-Cymene

0.6

1025

1024

Limonene

0.1

1029

1029

-Terpinene

0.3

1059

1059

α-Thujone

0.1

1105

1102

-Thujone

0.6

1116

1114

Citronellal

2.8

1155

1153

(Z)-Isocitral

0.3

1166

1164

(E)-Isocitral

0.5

1182

1180

Methyl chavicol

0.1

1198

1196

Nerol

0.1

1229

1229

(Z)-Citral

31.5

1243

1238

Anisaldehyde

0.1

1249

1250

Geraniol

0.2

1252

1252

Methyl citronellate

0.1

1259

1261

Geranial

43.2

1274

1267

(E)-Anethole

12.3

1285

1284

Methyl geranate

0.1

1324

1324

Ethyl nerolate

0.1

1358

1354

Geranyl acetate

1.2

1382

1381

(E)-Caryophyllene

4.0

1420

1419

α-Humulene

0.1

1454

1454

(2E)-Dodecenal

0.1

1467

1466

Germacrene D

0.6

1482

1485

(E,E)-α-Farnesene

0.1

1497

1505

δ-Cadinene

tr

1525

1523

Caryophyllene oxide

0.4

1584

1583

a

Retention Indices on HP-5ms fused silica capillary column

b

Adams, 2007
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Table 3. 5 GC-MS Analysis of Ocimum basilicum essential oil
Compound

Area
(%)

RIa
(this work)

RIb
(Literature)

-Pinene

tr

978

979

1-Octen-3-ol

0.2

981

979

Myrcene

0.1

992

990

3-Octanol

tr

996

---

p-Cymene

tr

1024

1024

Limonene

0.1

1027

1029

1,8-Cineole

0.5

1030

1031

(E)--Ocimene

0.1

1048

1050

-Terpinene

tr

1058

1059

cis-Linalool oxide

0.1

1072

1072

Fenchone

0.2

1087

1086

Linalool

47.2

1102

1096

endo-Fenchol

tr

1115

1116

trans-Thujone

0.2

1118

1114

Camphor

1.0

1143

1146

p-Menth-3-en-8-ol

0.1

1148

1150

Menthone

0.5

1153

1152

neo-Menthol

0.9

1164

1162

δ-Terpineol

0.1

1166

1166

Terpinen-4-ol

0.3

1176

1177

α-Terpineol

0.5

1190

1188

Methyl chavicol

31.7

1198

1196

p-Cymen-9-ol

tr

1209

1205

Octyl acetate

tr

1212

1213

endo-Fenchyl acetate

0.2

1218

1220

29

Nerol

tr

1227

1229

Pulegone

4.8

1237

1237

Chavicol

0.1

1250

1250

Geraniol

0.1

1251

1252

1-Phenyl-2,4-pentadiyne

1.6

1284

---

Bornyl acetate

0.6

1285

1288

Thymol

0.1

1291

1290

Carvacrol

0.1

1300

1299

Piperitenone

0.1

1339

1343

α-Cubebene

tr

1348

1348

Eugenol

tr

1356

1359

α-Copaene

0.1

1374

1376

-Bourbonene

tr

1384

1388

-Cubebene

0.1

1389

1388

-Elemene

0.4

1391

1390

Methyl eugenol

0.2

1405

1403

(E)-Caryophyllene

0.2

1418

1419

α-trans-Bergamotene

0.8

1436

1434

α-Guaiene

0.2

1438

1439

α-Humulene

0.2

1453

1454

(E)--Farnesene

0.3

1458

1456

cis-Cadina-1(6),4-diene

0.2

1462

1463

Germacrene D

0.8

1481

1485

Bicyclogermacrene

0.4

1497

1500

Aciphyllene

tr

1500

1501

α-Bulnesene

0.5

1506

1509

-Cadinene

0.8

1514

1513

trans-Calamenene

0.1

1523

1522

30

10-epi-Cubebol

tr

1530

1535

(E)-Nerolidol

0.1

1565

1563

Spathulenol

0.2

1577

1578

Caryophyllene oxide

0.1

1583

1583

1,10-di-epi-Cubenol

0.4

1611

1619

τ-Cadinol

2.1

1641

1640

-Eudesmol

0.1

1650

1650

α-Cadinol

0.1

1654

1654

epi-α-Bisabolol

tr

1685

1684

a

Retention Indices on HP-5ms fused silica capillary column

b

Adams, 2007

Table 3. 6 GC-MS Analysis of Pelargonium graveolens essential oil
Compound

Area
(%)

RIa
(this work)

RIb
(Literature)

(3Z)-Hexenol

0.1

855

859

α-Pinene

0.5

941

939

Myrcene

0.1

992

990

p-Cymene

0.1

1024

1024

Limonene

0.2

1028

1029

-Terpinene

tr

1058

1059

cis-Linalool oxide

0.2

1072

1072

trans-Linalool oxide

0.1

1088

1086

Linalool

3.0

1100

1096

cis-Rose oxide

1.9

1111

1108

trans-Rose oxide

0.8

1127

1125

neo-Isopulegol

0.1

1145

1148

Menthone

3.1

1154

1152

31

iso-Menthone

2.1

1164

1162

iso-Menthol

0.3

1182

1182

α-Terpineol

0.4

1188

1188

Citronellol

37.5

1226

1225

Neral

0.3

1240

1238

Geraniol

6.0

1251

1252

Neryl formate

0.1

1279

1282

Geranyl formate

2.0

1300

1298

Citronellic acid

0.1

1315

1313

Methyl geranate

0.1

1322

1324

8-Hydroxy-neo-menthol

0.1

1330

1330

Unidentifiedc

0.6

1336

---

α-Cubebene

0.2

1348

1348

Citronellyl acetate

1.0

1354

1352

Unidentifiedd

0.5

1362

---

α-Ylangene

0.1

1371

1375

α-Copaene

0.9

1376

1376

-Bourbonene

2.7

1385

1388

-Elemene

0.1

1392

1390

1-Phenylethyl isobutanoate

0.1

1396

1393

Unidentifiede

0.6

1404

---

(Z)-Caryophyllene

0.1

1407

1408

α-Gurjunene

0.1

1410

1409

(E)-Caryophyllene

1.1

1420

1419

-Copaene

0.2

1430

1432

Aromadendrene

0.2

1439

1441

Citronellyl propanoate

1.4

1446

1446

cis-Muurola-3,5-diene

0.4

1450

1450

32

α-Humulene

0.6

1454

1454

Alloaromadendrene

0.3

1461

1460

cis-Muurola-4(14),5-diene

0.1

1467

1466

Geranyl propanoate

0.8

1477

1477

α-Amorphene

0.2

1481

1484

Citronellyl isobutanoate

0.2

1486

1483

cis--Guaiene

0.2

1495

1493

α-Muurolene

0.3

1501

1500

Lavandulyl 2-methylbutanoate

0.1

1509

1511

-Cadinene

0.5

1514

1513

trans-Calamenene

1.3

1523

1522

Citronellyl butanoate

1.5

1529

1531

α-Calacorene

0.2

1543

1545

Unidentifiedf

0.5

1553

---

Geranyl butanoate

0.9

1563

1564

Maaliol

0.2

1567

1567

Citronellyl 2-methylbutanoate

0.1

1574

---

Spathulenol

0.5

1579

1578

Caryophyllene oxide

3.7

1585

1583

2-Phenylethyl tiglate

1.5

1587

1585

Viridiflorol

0.5

1592

1592

Geranyl 2-methylbutanoate

0.4

1604

1601

Humulene epoxide II

1.0

1609

1608

1,10-di-epi-Cubenol

0.4

1615

1619

Junenol

0.2

1618

1619

Citronellyl pentanoate

0.3

1625

1625

1-epi-Cubenol

0.4

1628

1628

Caryophylla-4(12),8(13)-dien-5-ol

0.4

1635

1640

33

τ-Muurolol

0.6

1641

1642

α-Muurolol

0.3

1645

1642

α-Cadinol

0.6

1653

1654

Geranyl pentanoate

0.7

1657

1656

(E)-Citronellyl tiglate

1.0

1666

1668

14-Hydroxy-9-epi-(E)-caryophyllene

0.6

1670

1669

Cadalene

0.2

1673

1676

Geranyl tiglate

1.8

1696

1696

Geranyl esterg

0.5

1712

---

Geranyl hexanoate

0.1

1750

1755

n-Pentadecanol

0.2

1774

1774

Citronellyl heptanoate

0.3

1816

1819

Geranyl heptanoate

0.2

1852

1857

Citronellyl octanoate

0.3

1918

1920

Citronellyl esterh

0.5

2049

---

Unidentified j

0.6

2086

2059

Citronellyl esteri

1.1

2287

---

Nonacosane

0.3

2900

2900

a

Retention Indices on HP-5ms fused silica capillary column

b

Adams, 2007

c-f

Unknown compound. See Figures B.2, B.3, B.4 and B.5, respectively, for the complete MS

spectra.
g

From the m/z of the highest mass peak, unidentified compound is probably a Geranyl ester. See

Figures B.6 for the complete MS spectrum.
h-i

From the m/z of the highest mass peak, unidentified compounds are probably Citronellyl ester .

See Figures B.7, B.8 respectively for the complete MS spectra.
j

Unknown compound. See Figure B.9 for the complete MS spectrum.
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3.2 Biological assays
Melissa officinalis, Anethum graveolens, and Galagania frangrantissima were available for
biological tests. They were screened against a series of bacteria (Bacillus cereus, Staphylococcus
aureus, Pseudomonas aeruginosa, and Escherichia coli) and fungi (Aspergillus niger). The results
of these antimicrobial activity tests are shown in Table 3.7. The cytotoxic activities of these three
essential oils against MCF-7 (human mammary adenocarcinoma) were also determined and are
shown in Table 3.8. Cytotoxic activities shows the ability of essential oils to inhibit growing of
tumor cells thus revealing possible anticancer activities of essential oils.
Finally, the inhibiting ability of these three essential oils against brine shrimp was evaluated
by determining the LC50 values (the median lethal concentration). These results are recorded in
Table 3.9. The brine shrimp tests on essential oils were conducted to determine the toxicity of
these essential oils. Resilience of brine shrimp makes them ideal animals for running biological
toxicity assays and it is now one of the standard organisms for testing the toxicity of chemicals.
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Table 3. 7 Antimicrobial Activity Resulta

Essential oils

Melissa officinalis

Anethum graveolens

Bacteria
Bacillus cereus

MIC (μg/mL)
312.5

MIC (μg/mL)
>2500

Staphylococcus aureus

>2500

1250

>2500

Escherichia coli

>2500

625

>2500

Pseudomonas aeruginosa

>2500

1250

>2500

Melissa officinalis

Anethum graveolens

Galagania
frangrantissima

MIC (μg/ ml)

MIC (μg/ ml)

MIC (μg/ ml)

625

1250

1250

Essential oils
Fungi
Aspergillus niger

a

Galagania
frangrantissima
MIC (μg/mL)
>2500

Minimum inhibition concentrations (MIC), μg/ ml.

Table 3. 8 Cytotoxic Activity of essential oils against MCF-7

Cytotoxic activitya
Essential oil

MCF-7

Melissa officinalis

92.3(4.6)

Anethum graveolens

9.5(3.3)

Galagania frangrantissima

95.5(1.0)

a

Cytotoxicity is expressed as % kill at 100 μg/mL for MCF-7 cells. Standard deviations are shown

in parenthese
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Table 3. 9 Brine shrimp lethality tests result
Essential oil

LC50a
(μg/mL)

Melissa officinalis

21.8±4.6

Anethum graveolens

15.9 ±2.3

Galagania frangrantissima

2.5 ±0.3

a

Median lethal concentration
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CHAPTER IV

DISCUSSION

4.1 Analysis of the Bunium persicum essential oil
The composition of Bunium persicum (BPEO) fruit oils of the Tajik wild (TW) and Indian
commercial (IC) types were analyzed by GC-MS. In total, 42 TW and 39 IC compounds were
identified, representing 99.8% of the TW type and 99.6 % of the IC type, respectively. The GCMS characterization of the BPEO (see Table 3.1) has shown that the oils are mainly comprised of
hydrocarbon and oxygenated monoterpenes. Cuminaldehyde was identified as a major component
of the BPEO, with a content of 36.0 % TW and 29.9 % IC. The other main components of this oil
were found to be p-mentha-1,4-dien-7-al (TW:15.0% and IC:17.2%) and p-mentha-1,3-dien-7-al
(TW:13.1% and IC:8.1%), followed by γ-terpinene (TW:10.9% and IC:10.9%), β-pinene
(TW:9.1% and IC:7.8%), and p-cymene (TW:5.3% and IC:12.5%) (see Table 3.1). Their structures
are shown below in Figure 4.1.
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Cuminaldehyde

γ-Terpinene

p-Mentha-1,4-dien-7-al

β-Pinene

p-Mentha-1,3-dien-7-al

p-Cymene

Figure 4. 1 Structures of the major compounds of Bunium persicum essential oil

The components of BPEO of the Tajik wild (TW) and Indian commercial (IC) types are
almost the same, with the TW type showing the same amount of γ-terpinene; a unmistakably
higher amount of cuminaldehyde and p-mentha-1,3-dien-7-al; and a lower amount of p-cymene
compared to that of the IC type.
A number of studies on the essential oil content and components of B. persicum have been
reported in the literature. Abduganiew analyzed the BPEO originating from Tajikistan, detecting
22 compounds, including p-mentha-1,4-dien-7-al, γ-terpinene, β-pinene, and cuminaldehyde.
Though the concentration of each main component was not given, the constituents of BPEO that
were investigated by Abduganiew et al. are in agreement with the results of the current study.
Baser investigated two chemotypes of BPEO from Tajikistan. In his work, ripe fruits of Bunium
persicum collected in Tajikistan yielded 7.3% oil, which contained cuminaldehyde (40.7%) and pcymene (19.2%) as the main components. Baser detected a similar amount of cuminaldehyde but a
significant higher amount of p-cymene compared to this study. Another chemotype of BPEO from
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Kulob (Tajikistan) yielded 3.3% oil in which p-mentha-1,4-dien-7-al (29.0%), γ-terpinene
(27.7%), β-pinene (15.6%), cuminaldehyde (11.7%), and p-mentha-1,3-dien-7-al (5.1%) were the
main components (Baser et al., 1997). This type of BPEO contain significantly higher amount of
p-mentha-1,4-dien-7-al, γ-terpinene, and β-pinene than that measured in this study (15.0% for pmentha-1,4-dien-7-al, 10.9% for γ-terpinene, and 9.1% for β-pinene). However, our investigation
shows a much higher amount of cuminaldehyde (36.0%).
Neda Shahsavari et al. (2008) extracted essential oil from the aerial parts of Bunium persicum
collected from Karaj, Iran. They reported that (E)-caryophyllene (27.8%), γ-terpinene (15.2%),
cuminyl acetate (14. 7%), cuminaldehyde (6.0%), p-cymene (5.3%), pinocarvyl acetate (4.4%),
limonene (3.9%), α-methyl-benzene methanol (3.9%), croweacin (2.9%), and β-pinene (2.2%),
were the main components of BPEO. These results differ substantially from our study. The
amount of cuminaldehyde is much lower than that found our study, and caryophyllene, cuminyl
acetate, limonene, and pinocarvyl acetate, which were found to be the main components in
Shahsavari’s investigation, are not detected in this study.
Fariba Sharififar et al. (2010) studied the Bunium persicum seed essential oil from Iran. Like
our BPEO, this seed oil was found to be mainly comprised of hydrocarbon and oxygenated
monoterpenes; however, γ-terpinene was identified as the major component with a content of
46.1%, while the other primary components of this oil were found to be cuminaldehyde (15.5%),
p-cymene (6.7%), and limonene (5.9%). Further, the Bunium persicum seed essential oil from Iran
was found to have a significantly higher amount of γ-terpinene, similar to the amount of pcymene, and a much lower amount of cuminaldehyde than Bunium persicum fruit oils from
Tajikistan.
Although in the same genus, the constituents of Bunium elegans (Fenzl) Freyn and B.
caroides (Boiss) are quite different from Bunium persicum. The oils of Bunium elegans and B.
caroides were found to be mainly comprised of sesquiterpene hydrocarbons. Among them,
germacrene-D and (E)-caryophyllene were major components, which amounted to 24.1% and
38% for B. elegans and 22.1% and 26.6% for B. caroides, respectively. The oil of B. caroides
contained the monoterpenes α-pinene and (Z)--ocimene in quantities of 4.1% and 5.9%,
respectively, while traces of monoterpenes were detected for B. elegans (Jassbi et al. 2005).
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However, the essential oil of Bunium persicum in this study was mainly comprised of
monoterpene hydrocarbons and only a trace amount of sesquiterpene hydrocarbon (daucene) was
found.
In the literature, the essential oils of Bunium persicum were reported to have antioxidant and
antibacterial activities. In addition, the essential oil of Bunium persicum exacted from both aerial
parts and seeds was found to possess strong antioxidant activity. Antioxidant assays, such as
DPPH-scavenging activity and β-carotene bleaching, were carried out on the BPEO exacted from
the aerial portions of the plant (Shahsavari et al. 2008). In the DPPH system, the IC50 value of the
essential oil was determined to be 0.88 mg/mL. In β-carotene bleaching, the antioxidant activity of
the essential oil (0.45%) was almost equal to BHT at 0.01%. Sharififar et al. have conducted three
complementary methods—DPPH assay, β-carotene bleaching, and ammonium thiocyanate
methods—to evaluate the antioxidant activity of the seed oil of BPEO. The oil exhibited high
antioxidant activity with IC50 = 23.4 ± 1.6 μg/mL in the DPPH assay and the most inhibition of βcarotene oxidation and lipid peroxidation. They assigned the antioxidant activity to the richness of
the monoterpene hydrocarbons, especially the richness of γ-terpinene. This conclusion was
consistent with the result reported by Tepe et al., 2005 Sharififar pointed out that the essential oils
that were rich in monoterpene hydrocarbons showed higher antioxidant activity. This activity was
attributed to the presence of methylene groups that are strongly active in monoterpene
hydrocarbons. Thus, the results of in vitro antioxidant and radical-scavenging activity of the
essential oil of B. persicum confirmed the plant’s usefulness in many traditional forms as well as
its further use as an additive in food.
Besides the antioxidant activity, the antibacterial activity of the seed oil of B. persicum has
been reported by M. Moghtader et al, 2009. The essential oil was tested against nine bacterial
species through the disk diffusion method. The antimicrobial effects were determined against two
Gram-positive bacteria: Staphylococcus aureus (ATCC = 25922) and Staphylococcus epidermidis
(ATCC = 1435) and seven Gram-negative bacteria: Pseudomonas aeruginosa (ATCC = 1074),
Shigella flexneri (ATCC=1234), Klebsiella pneumoniae (ATCC = 1053), Salmonella typhi (ATCC
= 1634), Serratia marcescens (ATCC= 1111), Escherichia coli (ATCC = 25923), and Escherichia
coli (ATCC = 157). The results showed that the seed oil of B. persicum had strong antibacterial
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effects. The researchers concluded that this property could have resulted from the relatively high
amount of terpinenes and cuminaldehyde in the essential oil. The antimicrobial property was
consistent with the usage of BEPO for treating diarrhea and dyspepsia.

4.2 Analysis of the Anethum graveolens essential oil
Hydrodistallation of the aerial parts (at the end of the flowering stage) of Anethum
graveolens yielded 0.9% of pale yellow essential oil with a characteristic odor. GC-MS analysis of
the Anethum graveolens essential oil allowed for the identification of 13 components, which
corresponded to 99.5% of the total composition (see Table 3.2).
Oxygenated compounds (81.3%) made up the majority of the detected components, while
hydrocarbons comprised 16.1% and aromatic oxygenated compounds formed 0.5%. In regard to
the oxygenated compounds, monoterpenoid carvone was present in the highest concentration
(51.7%) as the dominant oxygenated component, followed by trans-dihydrocarvone (14.7%), dill
ether (13.2%), cis-dihydrocarvone (1.6%), and neoiso-dihydrocarveol (0.1%).
The main hydrocarbons found were α-phellandrene (8.0%), limonene (6.9%), p-cymene
(1.1%), camphor (0.3%), and α-pinene (0.1%).
Aromatic oxygenated compounds were present in the lowest concentrations (0.5%),
including dill apiole (0.4%) and (E)-anethole (0.1%). The structures of the major compounds are
shown in Figure 4.2.
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Carvone

cis-dihydrocarvone

trans-dihydrocarvone

neoiso-dihydrocarveol

Dill ether

α-phellandrene

Limonene

p-cymene

camphor

α-pinene

Dill Apiole

(E)-Anethole

Figure 4. 2 Structures of the major compounds of Anethum graveolens essential oil
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Several dill essential oils from other geographic locations have been studied, and the results
have been reported in the literature. For dill essential oil from Giza, Egypt, hydrocarbons
(91.50%) were the most detected compounds, while oxygenated compounds comprised 8.26%)
(Amin and Sleem, 2007). Among the hydrocarbons, monotrpene hydrocarbons were found in the
highest concentrations (80.8%), including α-phellandrene (63.0%), β-phellandrene (7.1%), αpinene (6.4%), p-cymene (3.4%), limonene (2.4%), β-pinene (1.7%), and α-camphene (0.2%). The
sesquiterpene hydrocarbons found were β-germacrene (4.0%), (E)-caryophellene (0.9), α-copaene
(0.9%), and (E)--farnesene (0.5%), while the oxygenated compounds included dill-ether (6.2%),
β- cis, dihydro- santalol (0.5%), (2E,6Z)-farnesol (0.5%), and α-phellandrene-epoxide (0.3%). Dill
apiole (0.1%) was present in the oil as the only aromatic oxygenated compound.
Although the dill essential oil from both Tajikistan and Egypt were mainly composed of
hydrocarbons and oxygenated compounds, the proportions of each component present in the oil
from these regions were quite different. The dill essential oil from Tajikistan was mainly made up
of oxygenated compounds (81.3%), while that from Egypt was dominated by hydrocarbons
(91.5%). In regard to the hydrocarbons, the essential oil from Tajikistan mainly contained
monoterpenes with no sesquiterpene hydrocarbons while that from Egypt contained multiple
sesquiterpene hydrocarbons, including β-germacrene, (E)-caryophyllene, α-copaene, and (E)-farnesene.
The major component of the dill essential oil from Egypt is α-phellandrene (63.0%), which
was also detected in the oil from Tajikistan, though in a much smaller amount (8.0%). However,
the major component in the dill essential oil from Tajikistan, carvone, (51.7%), wasn't found in the
oil from Egypt. R. Vokk and T. Lõugas (2011), investigated the composition of dill essential oil
from Estonia in different seasons, and their results were consistent with the composition of the dill
essential oil found in Egypt, for which the principle components were α-phellandrene (47.7–
62.5%), myristicin (1.7–28.2%), dill ether (0.9–14.8%), β-phellandrene (7.4–7.5%), and limonene
(3.7–3.8%).
Dill seed oil from Gorakhpur, India has been reported to have carvone (55.2%) as its major
component, followed by limonene (16.6%), dill apiole (14.4%), linalool (3.7%), transdihydrocarvone (2.8%), cis-dihydrocarvone (2.6%), trans-isocroweacin (0.8%), and several other
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components in minor percentages (Singh et al., 2005). The Indian dill essential oil has five main
components in common with the Tajikistani oil. The content of cis-dihydrocarvone is similar for
both oils, as is carvone, with both containing around 50% of this component. Meanwhile the
essential oil from Tajikistan contains a larger amount of trans-dihydrocarvone, and smaller
amounts of limonene and dill apiole compared to the essential oil from India.
Tajikistan borders the Xinjiang providence of China, and the dill seed oil from Xinjiang,
China was found to have a similar constitution to the dill essential oil used in this study. The major
components detected in the dill oil from China also mainly contained carvone (41.5%), limonene
(32.6%), and apiole (16.8%) (Tian et al., 2012). It has a smaller quantity of carvone and a larger
quantity of limonene and apiole compared to the dill essential oil from Tajikistan.
Following GC-MS characterization, the dill essential oil from Tajikistan was tested for
antimicrobial and cytotoxic activities (Tables 3.7 and 3.8, respectively). It exhibited weak
antimicrobial effects against Escherichia coli (MIC = 625 ppm), Staphylococcus aureus (MIC =
1250 ppm), Pseudomonas aeruginosa (MIC = 1250 ppm), and Aspergillus niger (MIC = 1250
ppm). It didn't show any antimicrobial effects against Bacillus cereus with MIC>2500 ppm. The
result of cytotoxic activity tests revealed that the dill essential oil only killed 9.5% of MCF-7 cells
at 100 μg/mL. Thus, the Tajikistani dill oil had no cytotoxic activity against MCF-7.
The brine shrimp lethality of the dill essential oil was also studied, and the oil exhibited a
strong inhibiting ability against brine shrimp, with LC50 = 15.9 ±2.3 (ug/mL) (see Table 3.9).
The antimicrobial effects of the dill essential oil were likely the result of its aromatic nucleuscontaining compounds, such as dill apiole, and (E)-anethole. The antimicrobial properties of
anethole have already been reported (Curtius et al., 1996; Nychas, 1998). Carvone, the major
component of dill seed oil, has already been reported as a leading structure for the development of
antifungal components (Sridhar, 2003) and as having the ability to inhibit the growth of some
fungi (Smid et al., 1995) and bacteria (Helander et al., 1998; Aggrawal et al., 2002; Singh et al.,
2005).
Although the dill essential oil from Tajikistan contains 51.7% carvone, the oil showed little
antimicrobial activity. Delaquis et al. (2002) found a similar result. The dill oil had little activity
against Gram-negative bacteria, despite containing 46.3% of limonene and 49.5% of carvone, both
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of which were effective as enriched fractions. They concluded that this may be due to the
composition differences related to variety; agronomic practice and processing may also influence
the antimicrobial properties because these factors contribute to both the profile and relative
concentrations of the active ingredients.
Dill oil has been found to have antispasmodic, carminative, digestive, disinfectant,
galactagogue (aiding breast milk secretion), and sedative properties. These uses may relate to the
presence of ketones, such as carvone and camphor (Wallis, 1967; Evans, 2002). Some ketones like
carvone, menthone, pulegone, fenchone, camphor, thujone, and verbenone have been reported to
possess sedative, antiviral, analgesic, digestive, and spasmolytic qualities (Pengelly, 2004; Sousa
et al., 2008; De Sousa, 2011; Gali-Muhtassib et al., 2000).

4.3 Analysis of the Galagania frangrantissima essential oil
Like Bunium persicum and Anethum graveolens, Galagania frangrantissima also belongs to
the Apiaceae family. The essential oil of Galagania frangrantissima was analyzed by GC-MS, and
nine compounds (98.9%) were identified. However, the components of this oil are quite different
from that of Bunium persicum and Anethum graveolens. Among the identified compounds, all
major compounds were long-chain aldehydes or alcohols (98.8%) and only trace amount of
monoterpenes were found in the form of p-cymene. The major components were (2E)-dodecenal
(83.6%), (2E)-dodecenol (7.8%), (2E)-tetradecenal (3.4%), dodecanal (2.3%), (4E)-dodecenal
(1.0%), decanal (0.5%) (See Table 3.3). Their structures are shown in Figure 4.3.
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(2E)-Dodecenal

(2E)-Tetradecenal

(4E)-Dodecenal

(2E)-Dodecenol

Dodecanal

Decanal

Figure 4. 3 Structure of the major compounds of Galagania frangrantissima essential oil

The dominant component, (2E)-dodecenal (C12), has also been found in Coriandrum sativum L.
(Apiaceae) seed oil, in which it is an active compound that effectively fights food-borne bacteria,
with a minimum bactericidal concentration (MBC) of 6.25 μg/mL (34 μM) (Kubo et al, 1995).
The activity has even been correlated with the hydrophobic alkyl (tail) chain length from the
hydrophilic aldehyde group (head). It appears that the activity increased with an increasing carbon
chain length up to (2E)-dodecenal (C12) (Kubo et al., 1995).
Following characterization by GC-MS, the essential oil of Galagania frangrantissima was
analyzed for antimicrobial and cytotoxic activity against a battery of bacteria, fungi, and the MCF7 breast cancer line. Results are recorded in Tables 3.7 and 3.8. When compared to gentamicin and
amphotericin B, the positive controls, the oil was not at all active against the bacterial strains
tested and against the fungus Aspergillus niger, with an MIC of 1250 ppm. However, the oil does
show strong cytotoxic activity, as it killed 95.5% of the MCF-7 breast cancer line. The result of
the brine shrimp lethality test is recorded in Table 3.9. With LC50 = 2.5±0.3 μg/mL, the essential
oil of Galagania frangrantissima showed the strongest inhibitory ability against brine shrimp
among all four of the tested essential oils.
To the best of my knowledge, the composition and bioactivity of Galagania frangrantissima
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has not yet been investigated in the literature. This is the first report on the composition and
bioactivity of Galagania frangrantissima essential oil from Tajikistan.

4.4 Analysis of the Melissa officinalis essential oil
A total of 30 compounds were identified in the essential oil of Melissa officinalis (lemon
balm). Analysis of this oil by GC-MS revealed that it was comprised mostly of geranial (43.2%),
neral (31.5%), (E)-anethole (12.3%), (E)-caryophyllene (4.0%), citronellal (2.8%), and geranyl
acetate (1.2%). Additional components were identified in smaller amounts and are reported in
Table 3.4. The structure of the major constituents of the essential oil of Melissa officinalis can be
seen below in Figure 4.4.

Geranial

(E)-Caryophyllene

(E)-Anethole

Neral

Citronellal

Geranyl acetate

Figure 4. 4 Stucture of the major compounds of Melissa officinalis essential oil

The result is consistent with what has been reported in the literature. Masakova et al. (1979)
reported that the citral isomers geranial and neral are the main components of M. officinalis
Similarly, Caernat et al. (1998) reported that the composition of the essential oil of lemon balm
is primarily citral (neral and geranial), which represents 48.0% of the essential oil, followed by
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citronellal, representing 39.5% and caryophyllene representing 2.4%. In the case of essential oils
of M. officinalis from Iran, neral and (E)-caryophyllene were found to be the primary components
(Meftahizade et al., 2010).
Ali Osman Sari investigated the essential oils of M. officinalis from Turkey. Sari’s group
studied the oils of M. officinalis grown at two different locations in Turkey (Menemen and
Bozdag) and then compared the composition of the oils with that introduced from Europe. The
major components of the oils from Menemen were geranial (38.1%) and neral (12.2%), and the
concentrations of other components were as follows: -pinene 11.7%, citronellal 5.9%, geraniol
5.0%, α-pinene 2.9%, linalool 2.7%, and borneol 0.6%. The result is in agreement with this study
except that pinene, linalool, and borneol have not been detected in our research. By comparing the
composition of M. officinalis oil from Turkey to that of Europe, Sari concluded that the
populations originating from Turkey had higher -pinene concentrations than did the other
populations. The citral (neral and geranial) concentration, providing the lemony scent of the lemon
balm, was higher in populations from Europe than those from Turkey. Although they were both
from Turkey, the rates of the Bozdag essential oil components were noticeably different from
those found in Menemen. In addition, while the major oil component was geranial for all
populations, the geranial concentration in Bozdag (53.8%) was higher than that in Menemen
(38.1%). The concentrations of citronellal, neral, and geraniol were close to each other at 12.9%,
11.5%, and 8.7%, respectively. Meanwhile, the concentrations of -pinene, linalool, and α-pinene
were 1.8%, 1.3%, and 0.1% respectively.
Among all of the research on the essential oil of M. officinalis, it seems that distinct
chemotypes of M. officinalis L. have not been found. The quantitative composition of the essential
oils may vary, but qualitatively consistent.
M. officinalis is regarded as a valuable medicinal plant. It has been traditionally used for
different medical purposes, such as a tonic, antispasmodic, carminative, diaphoretic, surgical
dressing for wounds, sedative-hypnotic for strengthening the memory, and reliever of stressinduced headaches (Blumenthal et al., 2000). The essential oils of lemon balm are also used in
aromatherapy and as an antitumoral agent, potentially remedying and preventing cancer. In
addition, they may be beneficial in treating mild depression (Janina, 2003). Another usage of the
49

volatile oils of lemon balm is as an antiviral agent since it contains antiherpes simplex virus type 2
(HSV-2) substances (Turhan, 2006). The antiviral activity of M.officinalis against HSV-2 could be
due to the components that have been demonstrated by chromatographic analysis. The citral and
citronellal that occupy an important place within the plant’s volatile oils are held responsible for
the inhibition of protein synthesis in cells (Allahverdiyev and Duran et al., 2003).
The essential oil of lemon balm and extracts of M. officinalis subsp. officinalis and M.
officinalis subsp. inodora can also be used as antioxidants. Marongui et al. (2004), Mimica et al.
(2003), and Meftahizade et al. (2010) have revealed the oil’s antimicrobial and free radical
scavenging capacity (RSC) together with effects on lipid preoxidation (LP). The antimicrobial
activity was tested against 13 bacterial strains and six fungi. The examined essential oil exhibited
very strong RSC, and the most powerful scavenging compounds were found to be monoterpene
aldehydes, ketones (neral/geranial, citronellal, isomenthone, and menthone), and monoterpene and
sesquiterpene hydrocarbons [(E)-caryophyllene]. The most effective antibacterial activity was
expressed on a multi-resistant strain of Shigella sonnei. Furthermore, a significant antifungal
activity was exhibited on the Trichophyton fungal genus (Marongui et al., 2004).
In this study, the antimicrobial activity against a panel of bacteria and fungi has been tested.
The results of the antimicrobial assay are placed in Table 3.7. The essential oil of M. officinalis
was determined to be active against Bacillus cereus, with a minimum inhibitory concentration
(MIC) of 312.5 ppm, while gentamicin, the positive control, inhibited Bacillus cereus at a
minimum inhibitory concentration (MIC) of 19.5 ppm. The essential oil also shows somewhat
weak activity against the fungus Aspergillus niger, with an MIC of 625 ppm.
The oil was also tested for cytotoxic activity against the MCF-7 cell line, and the result is
presented in Table 3.8. The oil killed 92.3% of the MCF-7 cells at 100 μg/mL and is thus
considered to be cytotoxic against the MCF-7 cell line.
Moreover, the essential oil was subjected to a brine shrimp lethality test, with the result
shown in Table 3.9. The oil showed a strong inhibiting ability against brine shrimp with a LC50 =
21.8± 4.6 μg/mL.
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4.5 Analysis of the Ocimum basilicum essential oil
A GC-MS characterization of Ocimum basilicum essential oil (see Table 3.5) has shown the
oil to be mainly composed of monoterpenes and monoterpenoids (54.4%), aromatic compounds
(33.3%), and sesquiterpenes and sesquiterpenoids (6.9%). The most abundant compounds present
in the oil were determined to be linalool (47.2%), methyl chavical (31.7%), pulegone (4.8%), δcadinol (2.1%), 1-phenyl-2,4-pentadiyne (1.6%), and camphor (1.0%). Other oil components were
present in quantities less than 1.0% and can be found in Table 3.5. The structures of the major oil
components can be seen below in Figure 4.5.

Linalool

δ-Cadinol

Methyl chavicol

1-phenyl-2,4-pentadiyne

Pulegone

camphor

Figure 4. 5 Structures of the major compounds of Ocimum basilicum essential oil

The composition of Ocimum basilicum (sweet basil) essential oil has been widely studied. In
relevant literature, the main constituents of O. basilicum oil have been cited as being produced by
two different biochemical pathways: the phenylpropanoids (methyl chavicol, eugenol,
methyleugenol, and methyl cinnamate) by the shikimic acid pathway and the terpenes (linalool
51

and geraniol) by the mevalonic acid pathway (M.Özcan et al., 2002). Sweet basil is reported to
have a remarkable infraspecific variation in plant morphology and oil composition (Lawrence,
1992). Several chemotypes have been established (Chalchat et al., 1999; Grayer et al., 1996;
Marotti et al., 1996): those with 1) a mixture of linalool or methyl chavicol, 2) a mixture of
linalool and methyl chavicol, 3) a mixture of linalool and eugenol, or 4) a mixture of methyl
chavicol and methyl eugenol.
The Ocimum basilicum essential oil in this study falls into the chemotype that involves a
mixture of linalool and methyl chavicol as the main components. Comparatively, the volatile
composition of oil of Tajikistan origin is qualitatively consistent with that from Australia and
Egypt, as previously reported by K.J. Lachowicz et al. and K.A. Khalid et al., respectively. A
similar chemotype has been found in Macedonia, which is abundant in linalool (37%-44%) and
methyl chavicol (11%-14%). Essential oil of Ocimum basilicum from Turkey (Malatya) was also
reported to contain linalool (47.2%) and methyl chavicol (21.8%) as the dominant components
(Pascual-Villalobos et al., 2002).
The essential oils of Ocimum basilicum from Pakistan were reported to be primarily
composed of linalool (56.7%-60.6%), followed by τ-cadinol (8.6%-11.4%), -bergamotene
(7.4%-9.2%), δ-cadinene (3.3%-5.4%), germacrene D (1.1%-3.3%), and camphor (1.1%-3.1%)
(Hussain et al. 2007). This Pakistani oil has many components in common with the Tajikstani
essential oil examined in this study. However, oil from Tajikistan contains a considerable amount
of methyl chavicol, which gives it a different chemotype than its Pakistani counterpart. Basil
essential oils with linalool as the only dominant compound were also found in Bangladesh
(Mondello et al., 2002), Bulgaria (Buchbauer et al., 2001), and Turkey (Gurbuz et al., 2006).
Isa Telci et al. investigated the composition of 18 Turkish basil essential oils by GC and GCMS, identifying seven different chemotypes. They were (1) linalool, (2) methyl cinnamate, (3)
methyl cinnamate/linalool, (4) methyl eugenol, (5) citral, (6) methyl chavicol, and (7) methyl
chavicol/citral. Methyl chavicol, with high citral contents (methyl chavicol/citral), was considered
to be a ‘‘new chemotype’’ in Turkish basil (Telci et al., 2006). Yet, none of the investigated
Turkish basil essential oils presents the same chemotype as the basil essential oil from Tajikistan.
Purkayastha and Nath (2006) reported another very different chemotype of basil oil from northeast
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India in which camphor, limonene, and -selinene were the major components.
The observed differences in the constituents of basil essential oils across countries may be
due to different environmental and genetic factors, different chemotypes, and the differing
nutritional statuses of the plants.
Ocimum basilicum is an important essential oil crop around the world and is cultured
commercially in many countries. As a medicinal herb, basil is used in medical treatments for
headaches, cough, diarrhea, worms, and kidney malfunctions.
Ocimum basilicum essential oil has been used widely in the food industry as a flavoring agent
and in the perfumery and medical industries (Simon et al., 1999). The presence of linalool may
contribute to basil's usage in perfumery since linalool has reportedly been used as a scent in 60–
80% of perfumed hygienic products and cleaning agents, including soaps, detergents, shampoos,
and lotions (Claessen, 2009).
Basil is also considered to be a source of aromatic compounds, and it possesses a wide range
of biological activities, such as insect repelling, nematocidal, antibacterial, antifungal, and
antioxidant activities (Lee et al., 2005; Deshpande and Tipnis, 1977; Simon et al., 1999; Juliani
and Simon, 2002).
A number of researchers attribute the insect repelling activity of Ocimum basilicum to the
presence of linalool. The Consejerí
a de Agricultura of Spain investigated the activity of basil
essential oils on an insect named Callosobruchus maculatus (commonly known as the cowpea
weevil) and concluded that the oil did have a strong repelling effect on this species. The active
compounds of Ocimum basilicum include linalool, methyl chavicol, geranial, and eugenol.
Linalool is also recognized as an insect repellent by Chapmanet et al., and according to RegnaultRoger and Hamraoui (1995), it was an effective reproduction inhibitor of the bruchid beetle,
Acanthoscelides obtectus (Say).
Besides linalool, the other main components of basil essential oil may possess insect
repelling activities. Leal and Uchida (1998) identified geranial as the active compound of
lemongrass that repels mosquitoes. Geraniol inhibited the settling of the aphid Myzus persicae in a
choice leaf-disk assay (Gutierrez et al., 1997) and prevented the oviposition of Prays citri (ElSayed et al., 1994). Eugenol and methyl eugenol have also been reported as reliable insect
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repellents (Kelm and Nair, 1988; Ngoh et al., 1998; Obeng-Ofori and Reichmuth, 1997).
Abdullah Ijaz Hussain et al. investigated the antioxidant and antimicrobial activities of basil
essential oils and found that the oils exhibited effective antioxidant activity, as indicated by their
DPPH free radical-scavenging ability and strong antimicrobial activity against bacterial strains
Staphylococcus aureus and Bacillus subtilis. In the DPPH assay, linalool, the major component of
O. basilicum essential oil, tested under the same conditions, exhibited lower antioxidant activity
(IC50 = 16.4 μg/mL) than the oil in its entirety (4.8 μg/mL), indicating the possible synergistic
interaction of the essential oil constituents. However, according to Lu et al., the antioxidant
activity of O. basilicum essential oils might be attributed to the presence of other phenolic
compounds (2001).
According to the Hussain’s study, the antimicrobial activities of the essential oil from O.
basilicum can be attributed to the high content of linalool and other oxygenated compounds. Bozin
et al. (2006) and Sokovic and Van Griensven (2006) also reported the antifungal activity of
essential oils from O. basilicum and its main component, linalool. Other investigations point out
that the antimicrobial activities of essential oils from O. basilicum may be in part due to the
presence of a high content of linalool (Koutsoudaki, Krsek, and Rodger, 2005; Sokovic and Van
Griensven, 2006; Suppakul et al., 2003).

4.6 Analysis of the Pelargonium graveolens essential oil
Pelargonium graveolens (geranium) essential oil was obtained by hydrodistillation of the
aerial parts of rose-scented geranium. The oil from Tajikistan was analyzed by GC-MS, and 80
compounds were identified, which accounted for 92% of the total oil. The essential oil of
Pelargonium graveolens was composed primarily of citronellol (37.5%), geraniol (6.0%),
caryophyllene oxide (3.7%), menthone (3.1%), linalool (3.0%), β-bourbonene (2.7%), isomenthone (2.1%), geranyl formate (2.0%), cis-rose oxide (1.9%), geranyl tiglate (1.8%), and 2phenylethyl tiglate (1.5%). Additional components were present in smaller amounts and can be
found in Table 3.6. The structure for these major compounds can be seen below in Figure 4.6.
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Figure 4. 6 Structures of the major compounds of Pelargonium graveolens essential oil

The essential oil of Pelargonium graveolens is one of the most expensive essential oils used
in the perfumery, flavoring, and cosmetics industries (Gulati BC et al., 1960; Charlwood et al.,
1991). Therefore, Pelargonium graveolens is widely cultivated. The composition of geranium oil
from Tajikistan is different from that of the commercially cultivated geranium oil reported in the
literature. There are several cultivars of geranium that are commercially grown for the production
of this essential oil. The main cultivars of geranium are the Reunion Island type, the African type
(Egypt, Morocco), and the Chinese type. The oil of the Reunion Island type was comprised of
55

citronellol and geraniol (1:1) and citronellyl formate, guaia-6,9-diene, and isomenthone. The
Chinese type contains high amounts of citronellol and citronellyl formate and a low concentration
of geraniol. The African type contains citronellol and geraniol (1:1) as well as citronellyl formate,
isomenthone, and 10-epi-γ-eudesmol as the major constituents. In addition, one type of geranium
oil, known as “Bourbon”, differs from the African type because it contains significant amounts of
sesquiterpene guaia-6,9-diene, but lacks 10-epi-γ-eudesmol, whereas the African type contains a
fair amount of 10-epi-γ-eudesmol and a low amount of guaia-6,9-diene (Teisseire et al., 1987; Van
der Walt et al., 1988; Demarne et al., 1993; Vernin et al., 1983; Fraisse et al., 1983).
Compared to these three main cultivars, the wild geranium essential oil of Tajikistan lacks
characteristic components that are found in cultivated geranium essential oils, such as citronellyl
formate, guaia-6,9-diene, and 10-epi-γ-eudesmol. In addition, the wild geranium essential oil
contains a diverse range of compounds, but only citronellol appears in a significant amount
(37.5%); the others appear only in low amounts.
In India, three cultivars of geranium are available: “Bipuli” (intermediate to the Reunion
Island and African types), “Hemanti” (similar to the Chinese type), and a third type, “Kunti”,
whose oil is rich in geraniol (40–50%) and poor in citronellol (1–10%) compared to the Reunion
Island type (Kaul et al., 1995; Mallavarapu et al., 1993). Ritika Gupta et al. isolated a somaclone
from the cultivar Kunti and found that its essential oil is rich in isomenthone (71%) and poor in
citronellol (6%) and geraniol (3%).
Alexander Fleisher et al. investigated the geranium oil from Israel and concluded that it had
the same composition as African oil (Egypt, Morocco). The oil contained no guaia-6,9-diene, but
was composed of 5% 10-epi-γ-eudesmol, which is characteristic of African type oils.
Interestingly, the geranium essential oil from South Africa may not be the African type.
According to Jacqueline Y. Lalli et al., the geranium essential oil from Johannesburg, South Africa
was dominated by isomenthone, with 84.0%, and other major components, including methone
(2.8%), myrcene (0.9%), δ-cadinene (0.9%), and spathulenol (0.9%). Large quantities of
isomenthone (± 80%) in the oils of P. graveolens are responsible for their minty scent (Walt and
Demarne, 1988).
Throughout the research, there has been no geranium oil of the same type that contains such a
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diverse range of compounds as that of the Tajikistani oil. The geranium oil from Tajikistan shares
some common compounds with other geranium oils, but its major compounds are quite different.
The perfumery value (ratio of citronellol to geraniol) of the essential oil from Tajikistan was 6.25,
noting that this oil contains higher amounts of citronellol and lower amounts of geraniol.
Compared to the oils examined in the relevant literature, the most notable difference was the
higher quantities of caryophyllene derivatives in Tajikistani oil, especially caryophyllene oxide
(3.7%).
The geranium essential oil is largely utilized in the perfumery, cosmetics, and aromatherapy
industries all over the world. It is an indispensable aromatherapy oil since geranium oil, as well as
its major constituents (citronellol, geraniol, and linalool), has shown smooth muscle relaxant
(guinea pig ileum) properties (Lis-Balchin et al., 1998). It is also one of the best skincare oils
mainly because it is good in opening skin pores and cleaning oily complexions. Other uses of
geranium essential oil include treatment for dysentery, hemorrhoids, inflammation, heavy
menstrual flows, and even cancer. The French community is currently treating diabetes, diarrhea,
gallbladder problems, gastric ulcers, jaundice, liver problems, sterility, and urinary stones with this
oil (Miller, 2002; Weiss, 1997; Peterson et al., 2005).
Sayed A. Fayed studied the antioxidant and anticancer activities of Pelargonium graveolens
essential oil from Egypt. This geranium essential oil was mainly composed of citronellol (29.9%),
geraniol (18.0%), 10-epi-γ-eudesmol (8.3%), isomenthone (5.4%), and linalool (5.1%). It was able
to reduce the stable, purple-colored radical DPPH into yellow-colored DPPH, reaching a 50%
reduction with an IC50 value of 66.45 μg/mL. The oil reduced the concentration of DPPH free
radical with an efficacy near that of a standard antioxidant (ascorbic acid). According to BrandWilliams et al. (1995), the antiradical scavenging activity of oils might be attributed to the
replacement of hydroxyl groups in the aromatic ring systems of the phenolic compounds as a
result of their hydrogen-donating ability.
In addition to the antioxidant activity, geranium essential oil also showed high anticancer
activity against two human promyelocytic leukemia cell lines (HL-60 and NB4) with the LC50
values of 62.50 μg/mL in the NB4 cell line and 86.5 μg/mL in the HL-60 cell line. The inhibition
of human promyelocytic leukemia cells (HL-60 and NB4) may be due to the presence of
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monoterpenes since most of the principle components present in geranium essential oils are
monoterpenes. Monoterpenes have been shown to prevent mammary, lung, skin, liver, and
forestomach cancers in rat models (Haag et al., 1992).
Furthermore, Fayed concluded that the antioxidant and anticancer activities of geranium
essential oil might be attributed to the major components of citronellol and geraniol. Zhuang et al.
supported this conclusion, reporting that citronellol, an oil-soluble compound derived from the
geranium, has anticancer and anti-inflammatory properties. Burke et al. investigated the anticancer
activity of geraniol and found that significant (60-90%) inhibition of the anchorage-independent
growth of human MIA PaCa2 pancreatic tumor cells was attained with geraniol.
H. J. D. Dorman and S. G. Deans (1992) tested the antimicrobial activities of geranium
essential oil. The oil showed antimicrobial activities against 16 bacterial strains, including
Acinetobacter calcoacetica, Bacillus subtilis, Beneckea natriegens, Brevibacterium linens,
Brocothrix thermosphacta, Citrobacter freundii, Clostridium sporogenes, Enterococcus faecalis,
Flavobacterium suaveolens, Klebsiella pneumoniae, Leuconostoc cremoris, Micrococcus luteus,
Pseudomonas aeruginosa, Salmonella pullorum, Serratia marcescens, and Staphylococcus aureus.
The authors also tested the antimicrobial activities of the main compounds in geranium essential
oil against the same bacterial strains and tried to determine any structural relationships between
the components and their antibacterial activities. The results showed that the components with a
wide spectrum of activity were linalool, geraniol, menthone, and citronellal. Antimicrobial
properties can be used to protect livestock and food from disease, pests, and food spoilage.
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CHAPTER V

CONCLUSION AND FUTURE WORK

Essential oils from aromatic medicinal plants are extremely useful. Many of them possess
antibacterial, antiviral, antioxidant, cytotoxic, and antidiabetic bioactivities. They are not only
used in commercial industries for flavoring, fragrances, dyes, cosmetics, and pesticides, but they
are also used widely to prevent and treat human diseases, such as diabetes, ulcers, inflammation,
cancer, and cardiovascular diseases, including atherosclerosis and thrombosis. Essential oils have
also been effectively used in aroma and massage therapy to reduce stress by affecting an
individual's central nervous system. Further, the components isolated from essential oil may be
used for designing new drugs.
The flora of Tajikistan is extremely rich and diverse, with 4,500 species of vascular plants,
including 640 endemic species and 3,000 species of lower plants. More than 400 species of
medicinal plants and 60 plants containing essential oils have been reported to grow naturally in
Tajikistan. A large number of locally available plants species are used in the preparation of
traditional medicines. However, research on essential oils of medicinal and aromatic plants from
Tajikistan is still limited, and only a small number of species have been investigated. This leaves
room for further research on the subject of aromatic medicinal plants from Tajikistan.
This research was aimed at characterizing and analyzing essential oils of six aromatic
medicinal plants collected from Tajikistan and comparing them to the compositions of the same
species from different geographic locations. The targeted plants were Bunium persicum, Anethum
graveolens, Galagania frangrantissima, Melissa officinalis, Ocimum basilicum and Pelargonium
graveolens. However, the bioactivity and cytotoxicity assays were only completed for Anethum
graveolens, Galagania frangrantissima, and Melissa officinalis. The chemical compositions of the
oils showed the presence of monoterpenoids, sesquiterpenoids and aliphatic alcohols.
Bunium persicum fruit oil was mainly composed of hydrocarbons and oxygenated
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monoterpenes. Cuminaldehyde, p-mentha-1,4-dien-7-al, and p-mentha-1,3-dien-7-al, followed by
γ-terpinene, β-pinene, and p-cymene were identified as the oil’s major components. The
constituents of BPEO of the Tajik wild (TW) type, and Indian commercial (IC) type were almost
the same. The IC type showed the same amount of γ-terpinene as the TW type, but had an
obiously lower amount of cuminaldehyde and p-mentha-1,3-dien-7-al and a higher amount of pcymene compared to that of TW oil. The composition of Bunium persicum essential oil from
Tajikistan was consistent with the same chemotype of oil from other geographic locations and
only the amount of each major compound varied.
The main components of Anethum graveolens essential oil from Tajikistan were carvone,
trans-dihydrocarvone, dill ether, cis-dihydrocarvone, α-phellandrene, limonene, p-cymene,
camphor, α-pinene, and neoiso-dihydrocarveol. This result was compared to the composition of
oils from Egypt, Estonia, India, and China. The oil from Tajikistan had a similar composition to
that from India and China, but was quite different from the Egyptian and Estonian oils.
The essential oil of Galagania frangrantissima from Tajikistan was mainly comprised of
aliphatic aldehyde or alcohol (98.8%), and only trace amounts of monoterpenes were found in the
form of p-cymene. The major components in this oil were (2E)-dodecenal, (2E)-dodecenol, (2E)tetradecenal, dodecanal, (4E)-dodecenal, and decanal. The essential oil of Galagania
frangrantissima has apparently not been previously investigated.
The essential oil of Melissa officinalis from Tajikistan was found to contain geranial, neral,
(E)-anethole, (E)-caryophyllene, citronellal, and geranyl acetate as its main compounds. This
result was consistent with the composition of oils from other geographic locations. Among all of
the research on the essential oils of M. officinalis, it seems that distinct chemotypes of M.
officinalis have not been found. The quantitative composition of the essential oil may vary, but the
qualitative composition is relatively consistent.
The Ocimum basilicum essential oil from Tajikistan was mainly comprised of linalool,
methyl chavicol, pulegone, τ-cadinol, 1-phenyl-2,4-pentadiyne, and camphor. There are several
chemotypes of Ocimum basilicum in the literature, and the investigated Ocimum basilicum
essential oil in this study was the chemotype that featured a mixture of linalool and methyl
chavicol as its main components. The volatile composition of the oil from Tajikistan is
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qualitatively consistent with oil of the same chemotype from Australia, Macedonia, Turkey, and
Egypt.
Finally, the essential oil of Pelargonium graveolens from Tajikistan contains mainly
citronellol, geraniol, caryophyllene oxide, menthone, linalool, β-bourbonene, iso-menthone,
geranyl formate, cis-rose oxide, geranyl tiglate, 2-phenylethyl tiglate, and citronellyl butanoate.
There were several cultivars of Pelargonium graveolens that are commercially grown for the
production of the essential oil according to different geographic locations. The main cultivars of
Pelargonium graveolens are the Reunion Island type, the African type (Egypt, Morocco), and the
Chinese type. The Pelargonium graveolens oil from Tajikistan contained a more diverse range of
compounds than oils from other locations. The Pelargonium graveolens oil from Tajikistan shared
some common compounds with other Pelargonium graveolens oils, but the content of the major
compounds were quite different. Compared to oils from other locations, the most notable
difference was that the oil in this study contained more caryophyllene derivatives, especially
caryophyllene oxide (3.7%).
The compositions of the essential oils were affected by genetic factors, geographic locations
(climate, soil), and cultivation techniques. The essential oils of the same chemotype usually had
similar constituents, but each of the main components in these oils quantitatively varied as their
locations varied.
The antimicrobial tests on Anethum graveolens, Galagania frangrantissima, and Melissa
officinalis have shown that the three oils were mildly active to inactive against four bacterial
strains and the fungal species Aspergillus niger. Among these three essential oils, Melissa
officinalis showed the strongest activity against Bacillus cereus (MIC = 312.5 μg/mL) and
Aspergillus niger (MIC = 625 μg/mL). Anethum graveolens appeared to have somewhat weak
activity against Staphylococcus aureus (MIC = 1250 μg/mL), Pseudomonas aeruginosa (MIC =
1250 μg/mL), and Escherichia coli (MIC = 625 μg/mL), and Galagania frangrantissima was
inactive against the four bacterial strain and only slightly active against the fungal species (MIC =
1250 μg/mL).
The cytotoxic activity assay revealed that Galagania frangrantissima and Melissa officinalis
had strong cytotoxic activity, while Anethum graveolens had no cytotoxic activity against the
61

MCF-7 cell lines.
A brine shrimp lethality test was also carried out, and all three essential oils showed strong
inhibiting abilities against brine shrimp. Galagania frangrantissima was proven to have the
strongest inhibiting ability against brine shrimp, with LC50 = 2.5 ± 0.3 μg/mL.
More research could be done to further this work. There were many unknown compounds
found within the essential oils. This leaves room open to isolate and characterize the unknown
compounds. Bioactivity assays on Bunium persicum, Ocimum basilicum, and Pelargonium
graveolens should be carried out when their essential oils are available. In addition, future
research could be carried out in greater detail with larger sample sizes. More essential oils of
aromatic medicinal plants collected from Tajikistan could be characterized and analyzed by GCMS, and the examinations of the antimicrobial and cytotoxic activities of the oils could be
improved. Further, the antimicrobial activities of essential oils against other bacterial strains and
the cytotoxic activities of these oils against other human tumor cell lines could be tested. The
major compounds of essential oils should also be subjected to bioactivity testing so that the active
compounds in the essential oils that fight against certain microorganisms or tumor cell lines can be
determined. That would also contribute to the study of the relationships between the major
components in the essential oils and any ethnobotanical uses of the plant. Finally, as more
essential oils of aromatic medicinal plants from Tajikistan are studied, the compositions of
essential oils in the same family could be compared and summarized.
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APPENDIX A
GC TRACES

Figure A. 1 GC trace of Bunium persicum essential oil
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Figure A. 2 GC trace of Anethum graveolens essential oil
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Figure A. 3 GC trace of Galagania fragrantissima essential oil
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Figure A. 4 GC trace of Melissa officinalis essential oil
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Figure A. 5 GC trace of Ocimum basilicum essential oil
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Figure A. 6 GC trace of Pelargonium graveolens essential oil
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APPENDIX B
MS SPECTRA OF UNKNOWN COMPOUNDS

Figure B. 1 Unknown from the Galagania frangrantissima essential oil
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Figure B. 2 Unknown 1 from the Pelargonium graveolens essential oil
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Figure B. 3 Unknown 2 from the Pelargonium graveolens essential oil
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Figure B. 4 Unknown 3 from the Pelargonium graveolens essential oil
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Figure B. 5 Unknown 4 from the Pelargonium graveolens essential oil
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Figure B. 6 Unknown 5 from the Pelargonium graveolens essential oil
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Figure B. 7 Unknown 6 from the Pelargonium graveolens essential oil
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Figure B. 8 Unknown 7 from the Pelargonium graveolens essential oil
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Figure B. 9 Unknown 8 from the Pelargonium graveolens essential oil
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